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Abstract: 
The scale and range of metal industry both expanded greatly 
during the period 1851 - 1950, and there also occurred a large 
increase in the understanding of metals and alloys, materials 
vital for engineering. On these grounds it might be expected 
that the discipline of 'metallurgy' would occupy a key position 
in formal teaching programmes, but the reality was different: 
metallurgy classes did show growth, but it was only small by 
comparison with that in many other subjects. 
To account for the relatively-poor showing of metallurgy, 
the effects of a number of agencies have been examined. It is 
considered that industry's influence on instruction was largely 
negative; job opportunities for those who possessed formal 
training were few, poorly paid, squalidly situated, and lacking 
in prospects. By contrast, among individuals a few, including 
several teachers, made outstanding positive contributions, 
either by persuading boards of directors to give substantial· 
funds, or as ambassadors for metallurgy at meetings of learned 
societies and in Government committees. 
Stat~ encouragement was manifested in several ways: there 
was a background effect upon general schooling; more import-
antly, trading factors led to the provision of increased tech-
nical instruction; and thirdly, military aims prompted finan-
cial investment in technological and scientific tuition. 
Metallurgical instruction received help from various soc-
ieties, e.g. the Society of Arts, the London livery companies, 
the Iron and Steel Institute, and the Institution of Mechanical 
Engineers. These last two bodies, with others, published use-
ful papers which furthered knowledge. In 1945 a professional 
body, the Institution of Metallurgists, came into being and at 
the same time a national certificate scheme in metallurgy was 
started. These developments marked real progress. It is 
suggested that, particularly in earlier years, growth was 
impeded by metallurgy's academic and industrial subordination 
to chemistry and to engineering, which resulted in the lack of 
any clearly-perceived distinctive identity. 
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CHAPTER 1 
THE METAL INDUSTRY 
In the century 1851 - 1950, the metal industry was on a large, and 
increasing, scaleo In terms of bulk, iron with its derivative steel was 
predominant both on a world~wide basis and in Britain: indeed, these 
allied materials can be said to be the essentials upon which civilisation 
throughout the period was founded. Appropriately, the Crystal Palace 
in Hyde Park, symbol of the Great Exhibition of 1851, itself depended upon 
a. framework of cast iron. 
In the quinquennium 1851-55, world pig-iron production amounted to 
some ... five million tonnes a year, of which Britain contributed very nearly 
one half o During the subsequent hundred years, British output of iron 
and bulk steel increased six-fold to reach fifteen million tonnes in 1950 
but this increase, though in itself important and impressive, was dwarfed 
by the corresponding twenty-eight-fold increase in world productions As 
a result, instead of accounting for fifty per cent. of output, British 
steel producers became responsible for less than ten per cent. of the totalo 
The variation of iron-and-steel production with time is shown graphically 
in Figure 1.1; the values up to 1920 relate to pig iron which until then 
was produced in greater quantities than steel, but after 1920 bulk steel 
became the larger com.modi ty, and consequently in the later years figures 
for steel rather than iron are presented. 
In a general way, the pattern of iron-and-steel production during the 
period 1851 - 1950 is mirrored by that for other major metals, Figure 1.2. 
British output of these combined non-ferrous metals was 98 000 tonnes a 
year in 1851-55, one-third of the world tota~ of 286 000 tonnes. By 
1946-50, output in Britain had increased about five times to more than 
450 000 tonnesp but meanwhile the world total had multiplied almost 
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( 2 ) 
thirty=fold to 8.5 million tonnes. Consequently, as with the ferrous 
metalsp Britain's contribution to world non-ferrous production dropped 
from a substantial fraction in the 1850s to a diminished proportion in 
later decades. Indeed, British output of non-ferrous metals amounted to 
less than ten per cent. of world production by the opening years of the 
twentieth century, while the country's iron and steel did not fall below 
ten per cent. until after 1925. The five=fold increase in British 
non-ferrous metals during the period 1851 - 1 950 was uneven in its 
development: the first two-and-a-half-fold increase took 80 years to 
accomplish whereas the second similar expansion occurred within the 
remaining twenty years between the 1930s and the early 1950s.. The graph, 
Figure 1.2, reveals that for a period of nearly thirty years, from 1895 
until after 1920, there was an absolute decline in British non-ferrous 
metal production. 
One further relevant contrast between metal production in Britain and 
that for the world as a whole concerns the relationship between iron and 
steel on the one hand and the non-ferrous metals on the other: in Britain 
the ratio of output, in tonnage terms, has varied from 30/1 to more than 
60/1, but world-wide the corresponding ratio has been conf'ined within the 
band 15.6/1 = 22/1 .. In other words, world-wide, the ratio of iron and 
steel produced to other metals has remained reasonably uniform throughout 
the hundred-year period while in Britain not only has the ratio fluctuated 
widely but iron and steel have had an uncommon dominance. 
So far, metals have been discussed in terms of quanti ties produced. 
If value is considered rather than quantity, more uncertainties arise in 
developing estimatesp not least because of the difficulty in establishing 
a uniform standardo Such treatment lies outside the scope of the present 
work; suffice it that the price trends for the chief non-ferrous metals 
are shown graphically in Figure 1 .3, whi-le in Table 1.1 are given estimates 
for the values of British non=ferrous production in various years. 
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( 3 ) 
Table 1.1. Estimated value of British non-ferrous 
metal production in selected five-year periods 
A:2:era.ee Value (5!!:eproxi!!!.§te). £ x 106Lx.ear 
Me t a 1 (1851-55) ( 1901-05) (1931-35) (1936-40) (1946-50) 
aluminium 
- - - -
9.8 
copper 1.7 4.5· 3.6 7.5 24.0 
(estimated) 
lead 1.35 0.4 0.25 0.4 3.4 
magnesium 
- - -
0.9 0.6 
(estimated) (estimated) 
tin 0.65 1 .4 5.25 8.4 15.4 
zinc 0.1 0.9 0.6 1.0 5.5 
total 
value: 3.8 7.2 10.7 20.2 58.7 
The figures clearly show a fifteen-fold increase in nominal values 
over the century 1851 - 1950, accompanying the five-fold increase in 
quantities produced, There was a doubling of values in the first half 
century 1851 - 1900, followed by a :t'urthe r doubling by around 1 935, while 
in the subsequent fifteen years values almost quadrupled, i.e. from 
£15 million to £58.7 million, Coupled with the substantial increase in 
quantities produced during the same period, this points to considerable 
enlargement in British metals'activity in the years 1935- 1950. By 
comparison with many non-ferrous metals iron and steel are low-value 
commodities; hence it follows that, judged by financial value rather than 
quantity, during the century 1851 - 1 950 the disparity between British 
iron-and-steel production and that of other metals was nearer a ratio of 
four to one than forty to one; by any measure, however, it was still 
predominant, 
These levels of metal production indicate the extent of industrial 
interest, but they cannot provide an accurate or complete picture of 
activity involving metals. This is because metals are rarely used in the 
( 4 ) 
simple forms of ingots or bars which result from the production stages. 
Particularly i? highly-industrialised countries such as Britain, 
considerable activity is associated with the application of metals to 
yield useful products, and this was the case throughout the century 
1851 - 1950. Some measure of the extent of overall national involvement 
in metals can be gained from figures relating to the year 1935, Table 1.2. 
Table 1.2. British metal industries in 1935 
S e c t o r 
copper and brass 
gold, silver, etc. 
lead, tin, zinc, aluminium, etc. 
finished brass trade 
plate and jewellery trade 
iron-and-steel industries 
Number of 
employees 
27 500 
2300 
27 000 
34 100 
24 900 
115 800 
331 600 
447400 
Value of 
£ X 106 
19.7 
30.7 
33.1 
11 .3 
8.8 
103.6 
206.3 
309.9 
Hence, proportion of metal-industry employees engaged in 
ferrous industries: three quarters 
proportion of output value attributable to 
ferrous industries: two thirds 
output, 
HUTTON, R.S., 'The training and employment of metallurgists'. 
Monthly Jrnl,Inst.Hetals, vol.4, pt.12 (1937), 636; quoting figures 
provided from Government reports by O.W. Roskill. 
The figures in Table 1.2 demonstrate the relative preponderance of 
ferrous industries. They also show that, as far as non-ferrous metals 
are concerned, the value of the manufactured output, £103.6 million, 
amounted to seven times the value of raw metals produced within the country. 
Incidentally, the original object of the statistics for 1935 quoted in 
Table 1.2 was to indicate the relationship in Britain between the metal 
and chemical industries, the corresponding f~gures given for chemicals 
being a manpower involvement of 88 000 and an output value of £80.2 million, 
( 5 ) 
or one-fifth and one-quarter respectively of their metallic counterpartso 
A further indication of the growing importance of metals during at 
least a portion of the period under review is given by the proportionate 
increase in consumption of some non-ferrous metals relative to the world's 
population, Table 1.3. 
Table 1,3, Consumption of metals per head of world's 
population in 1 goo and 1 936 
Year M e t a 1 c o n s u m e d. eG:amsLperson 
aluminium copper lead tin zinc 
1900 4.9 354.8 587.6 55.0 320.2 
1936 196.8 853.0 759.0 83.0 725o0 
proportionate 
40/1 2.4/1 1 .3/1 1 .5/1 2.3/1 increase 
1936/1900 
ANON., 'Development of metal consumption; increased demand per head 
of popul'}tion, Metal+gesellschaft's survey'. The Metal Industry, 
val. 51 ~8 Oct. 1937), 362. 
As already discussed in connexion with the trend in production for 
combined non-ferrous metals, Figure 2, overall world production rose by 
some thirty-fold between 1851 and 1950. For a number of individual 
metals, the growth in world production is presented graphically in Figure 4. 
Gold production rose by a factor of four, while tin registered an 
eight-fold increase; by contrast, copper displayed a forty-fold increase. 
During the hundred-year period, several new metals became industrially 
important: nickel and aluminium both started off from less than 15 000 
tonnes in 1901 but, by 1950, nickel had registered an expansion of more than 
a hundred-fold while aluminium's growth had been even more spectacularp 
equivalent to a thousand~fold increaseo Magnesium came to prominence 
after 1930. The metallic element uranium assumed industrial significance, 
. 
though not for its mechanical properties, in the last decade, i.e. 1941-50. 
By the late 1940s, the prospects for titanium were being discussed in 
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( 6 ) 
glowing terms. British activities in producing and/or refining non-ferrous 
metals during the 1940s included: zinc andcadmium refining in Swansea and 
Bristol, tin smelting in Bootle, platinum and silver refining in London, 
nickel refining in Clydach, lead refining in Gravesend, and the production 
of primary aluminium and magnesium. ( 1) 
The impressively large demands for metals during the century 1851 -
1950 were met by the exploitation of mineral deposits situated in many 
different areas of the world, a high proportion of them newly worked after 
1851. Only in the case of gold and other precious metals were substantial 
proportions of the elements found already present in metallic form: in 
all other instances treatment, sometimes elaborate and costly, was necessary 
to convert the mined ore into saleable metal. Gradually, as metal 
consumption increased in the industrialised countries, recirculation of 
scrap and its treatment to yield 'secondary' material grew in importance 
as a source; for example, during the 1940s British production of secondary 
aluminium exceeded that of primary metal. 
Demands for gold were met not only from new mining fields specifically 
for the metal but also from the refining of other metals, notably copper. 
The 'rush' for Californian gold had started in the late 1840s, and by 1851 
that source was contributing three-quarters of the world total. However, 
almost immediately gold was found in Australia which, in its turn, soon 
accounted for one-half of the total. New Zealand production assumed 
signifcant proportions in the 1860s. By this time too, Canadian placer 
deposits were yielding the metal, while in the USA vein deposits in Nevada 
were responding to the technological skill required to treat them 
successfully. Duxing the1880s, the Witwatersrand deposits of the 
Transvaal region of South Africa came into production. By the opening of 
the twentieth century, British empire producers vied in importance with 
those of USA and Russia, and the prime gold district in the USA was at 
Cripple Creek, Colorado, where the ore occurred as refractory telluride 
which for its extraction required heat treatment, that is, 'roasting'. 
( 1 ) CHASTON, J.C., 'Non-ferrous metallur~ a century of British progress'. 
The Metal Ind., val. 71 (4 July 1947), 8. 
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{7) 
Placers in the Yukon and Alaska sprang into prominence in the late 1890s, 
as did deposits in Western Australia; empire outputs were augmented by 
metal from the Kolar field in South Indiae In the forty years between 
1851 and 1890, in those cases where the gold ores demanded chemical 
treatment this was commonly met by 'amalgamation' of the crushed rock 
with mercury, but from 1890 a new treatment method, involving dilute 
cyanide solution, became available. In the subsequent 55 years, the 
'cyanide process' was taken up widely, enabling gold to be extracted 
profitably from rock otherwise unworkable. The handling of large volumes 
of aqueous solutions and ore pulps, and the addition of reagents in 
suitable proportions, called for knowledge of both chemistry and engineering. 
As far as copper was concerned, 1851 saw a fair proportion of world 
metal output concentrated in the Swansea district, where a laborious 
treatment technique had been established in the previous century, requiring 
consumption of around twenty tonnes of coal for every tonne of copper made. 
However, in the second half of the nineteenth century, fresh copper smelters 
were set up nearer to the sources of contemporary ore, for example in the 
USA, Chile and Australasia. During the twentieth century, Canadian and 
central African copper smelters contributed substantially. As the scale 
of working, and the size of individual items of equipment, increased, so 
there came a greater need for engineering and managerial skills. One 
innovation in technique introduced during the 1880s and 1890s was substitution 
of 'converting' for part of the established processing sequence, using a 
modified Bessemer vessel; although economically successful, this brought 
added engineering problems to the smelter. Another aspect of copper 
smelting which received increasing attention was the containment of the 
noxious sulphurous gases liberated during treatment. There also came 
developments in alternative methods for extracting the metal from ores: 
instead of high-temperature smelting, in certain instances it proved 
feasible to dissolve the copper from its containing rock by dilute aqueous 
acid or alkalio Such leaching techniquesp although involving skills 
similar to those required by the cyanide process for gold, did not come to 
occupy a corresponding key position in the extraction of coppero However, 
one significant application of leaching in Britain was in the 'wet treatment 
of cupreous pyrites' which was begun in the 1860s and persisted on Tyneside 
( 8 ) 
until the 1930s; by its means copper, together with some silver, were 
extracted from very large quantities of Spanish pyrites mined primarily 
for their sulphur contento Wet processing also entered into copper 
refining operations, for some of the metal resulting from smelting was 
subjected to electrolysis in copper-sulphate solution to remove, among 
other elements, contained gold and silver. 
As with copper, so with lead, in 1851 a considerable proportion of 
world output came from British smelters but in subsequent years new 
producers started work elsewhere. Among other places, the new ores were 
treated in the USA, Canada, Mexico and Australia. Like copper ores, 
treatment generated large quantities of sulphurous gases; in addition 
there was toxicity to contend with. Lead refining, to purify the metal 
and yield economic byproducts, saw several developments during the period 
under review: even before 1860 the versatile Alexander Parkes of Birmingham 
introduced a new way of separating silver from the base metal; during the 
twentieth century methods were devised to isolate bismuth, to effect the 
separation of antimony more economically and, in Australia, to achieve 
continuous wo:rking in the refinery. 
The zinc, which was so commonly found in nature allied with the lead 
as sulphide, was a more difficult metal to extract, first production in 
the western world having occurred as lately as the first half of the 
eighteenth century. Even in 1840, world output of zinc metal did not 
exceed 20 000 tonnes; nearly all of this came from Belgium and Germany/ 
Poland, which continued as major world smelters until after 1950o By the 
early part of the present century, however, the USA had become a substantial 
producer, and in later decades other notable contributors included Canada 
and Australasia. Britain maintained sizeable facilities for smelting zinc 
and for producing refined lead. The difficulties inherent in obtaining 
zinc from its ores by smelting prompted the development of alternative 
processes: research carried out in Britain in the 1880s and 1890s had no 
commercial success butp on the other hand, a German process was operated 
for more than a decade by Brunner Mond in Cheshire soon after 1 900, and 
from about 1915 a leach-electrolysis method game into use in the USAo 
This treatment scheme was subsequently adopted by other zinc producers: 
it involved roasting the high-grade zinc sulphide to oxide, leaching 
( 9 ) 
with dilute aqueous sulphuric acid, purification to yield zinc-sulphate 
solution, and electrolysis to deposit solid zinc metal. Close attention 
to chemical control at all stages was essential for success, and a large 
number of problems had to be overcome to achieve acceptable extraction 
efficiency. ~Ieanwhile, the difficulties associated with high-temperature 
processing of zinc ores continued to receive attention: in Britain work 
done during the 1940s was to lead, in the following decade, to industrial 
success with a 'zinc-lead blast furnace', also known as the Imperial 
Smelting Process. Another technical difficulty in the treatment of mixed 
ores of zinc with lead or copper, that of separating the zinc-sulphide 
mineral from the lead or copper sulphides, was solved soon after 1901 by 
international effort involving workers in Britain, the USA and Australia; 
by careful dosing of the mineral pulp with sui table chemical reagents they 
achieved 'selective froth flotation', which in many mineral-processing 
plants proved a boon for isolating minerals of zinc and other metals. 
Aluminium was a 'precious metal' in the 18508, and regarded as an 
exotic curiosity. In France, Deville won the support of Louis Napoleon III 
in his attempts to produce the metal commercially, and in London Dr. John 
Percy of the Royal School of Mines was associated with early specimens 
produced in the capital. It is said that for a time Cl sample of the metal 
was exhibited in the front window of the Royal Polytechnic Institution in 
London, at which Henry Pepper delivered popular scientific lectures. 
During the 1860s, small quanti ties of British aluminium were made near 
Newcastle-upon-Tyne, using Deville's technique; again, in the early 1880s, 
commercial production was attempted, this time using as reagent metallic 
sodium prepared by Henry Castner's new method. However, by the later 
1880s there appeared an alternative means of obtaining the metal, based 
on high-temperature electrolysis of a fused salt of aluminium. This 
electrolytic method formed the basis of all commerical production of primary 
aluminium throughout the subsequent 70 years. The aluminium fed to it had 
to be in the form of pure oxide, and to make this entailed leaching the ore 
with hot caustic-soda solution, followed by careful precipitation of the 
wanted material, filtration, and kilning to drive off water. It soon 
became recognised that extraction of the metal could be done in two 
geographically-separated stages, the first to yield the pure aluminium oxide 
( 10 ) 
and the second to convert this intermediate substance to metal. The former 
treatment was most conveniently carried out near to mineral deposits rich 
in aluminium, while the latter required large quantities of electrical 
energy, Norway and Sri tzerland being two European countries in which it 
was practised. In Britain, aluminium production based upon Scottish 
hydro-electric power was started in 1896; by the 1930s most industrialised 
nations were producing the metal, with the USA and Germany leading the 
field. 
In terms of quanti ties produced, iron and steel far outstripped all 
other metals put together at all stages of the period 1851 - 1950. The 
tecl:m.ique of making iron that was suitable for castings, using coal as 
fuel, had been worked out in Britain during the eighteenth century, and a 
measure of fuel economy was already being obtained in 1851 by heating the 
air blast to the furnace. Moreover, the subsequent treatment needed to 
change the brittle, but low-melting, material from the blast furnace into 
metal with good mechanical properties and suitable for engineering purposes, 
had been established prior to 1851: it involved 'puddling' the crude metal 
in a coal-fired furnace and then kneading it mechanically by hammer and 
rolls, to yield 'wrought iron' • As far as ironmak:i.ng itself was concerned, 
the increasing demand in the years 1851 - 1950 was met by a combination of 
modifications, but no fundamental changes, to the blast-furnace process. 
Bigger furnaces with greater airblasts yielded larger quantities of hot' 
metal. To feed these furnacesmachanical charging devices were introduced, 
initially in the USA. In some cases the ore was heat-treated, or calcined, 
before charging; later, in the closing years of the period under review, 
at a number of plants the material was subjected to 'sintering' before 
being chargedo To provide higher-grade feedp some ores were brought from 
considerable distances: Spanish ores were first imported into Tees-side 
in the 1870s, and Scandinavian materials followed from 1900. At a number 
of mining sites dressing methods were introduced to up-grade the ore~ for 
instance, magnetic separators were installed in Scandinavia around 1901o 
The coal needed by the iron blast furnaces had to be coked before charging; 
it became the practice to recover byproducts such as coal-tar from the 
coking process. To maximise the income from such byproducts skilled men 
( 11 ) 
were sometimes considered worth hiring. 
By contrast with the basically-unaltered nature of world ironmaking, 
the subsequent treatment of the hot-metal product underwent radical changes 
during the period under review. As it happens, the transformation was 
initiated within a few years of 1851 and the Great Exhibition. Henry 
Bessemer announced to the British Association's meeting in Cheltenham in 
1856 the details of his scheme for blowing the impurities out of liquid 
blast-furnace iron by means of an air jet. While there was nothing new 
in this proposal, what ~ revolutionary was the idea that, during the 
proaedure, sufficient heat could be generated to yield at the end of the 
blow, in place of the pasty mass of metal and slag which always resulted 
with the puddling furnace, molten metal. Despite difficulties in 
translating the idea into reliable practice, Bessemer's method was adopted 
from 1860 and gave to the world a new material: 'bulk steel'. For convenient 
execution of the technique a new kind of vessel was used: a cylindrical, 
tiltable, iron pot. Soon 'converters' able to handle five tonnes of 
molten metal became accepted items of equipment, and later their sizes 
increased to give capacities, by the 1940s, of 50 or even 60 tonnes. 
Bessemer's revolutionary steel-making technique, however, soon had a 
rival, developed using the high temperatures the Siemens brothers found 
it possible to generate within a standard reverberatory furnace. By use 
of these new high temperatur8$liquid steel could be produced on the open 
hearth of the furnace, resulting in the 'open hearth process' which entered 
commercial work around 1867. During the first half of the twentieth 
century, open-hearth furnaces were responsible for producing the major 
bulk of world steel. Large open-hearth furnaces in the 1940s were able 
to supply up to 100 tonnes of liquid steel at a time. By that date, they 
were supplemented by electric-arc furnaces which proved particularly 
useful both for re-processing steel scrap and for preparing alloy steels 
containing deliberate proportions of elements besides iron and carbono 
As originally worked, neither Bessemer's converter nor Siemens' 
open-hearth furnace was able to deal with ant phosphorus which might be 
present in the metal; because of the deleterious effect of phosphorus on 
the mechanical properties of the resultant steel this was a serious 
( 12 ) 
shortcoming, and during the 1870s it severely restricted the deposits of 
iron minerals which might be used. Considerable investigational work was 
done in several countries in attempts to find a solution to the phosphorus 
problem: to Sidney Thomas and Percy Gilchrist, the latter an Associate of 
the Royal School of Mines in London (.ARSM), go major credit for providing 
a practical answer. From 1880, their conditions of 'basic' steelmaking 
were rapidly applied in European industrial countries. Throughout the 
following 70 years, minor modifications were constantly made to steel-making 
practice, for instance, in the kind of fuel used to fire open-hearth 
furnaces, in order to meet in the best way the prevailing economic conditions. 
The design and maintenance of steel-making equipment required considerable 
engineering skill, as indeed did that of a large blast-furnace plant in 
the 1930s when equipped with mechanical charging appliances, hot-blast 
stoves and gas-cleaning facilitiesa Moreover, control of the steel-making 
process called for some kind of chemical analysis, although in fact many 
plants were run for years without adequate technological knowledge. 
A development which began to bear fruit in the 1890s was the production 
of steel with improved properties that resulted from the addition of 
certain elements to the refined iron. One of the first 'alloy steels' 
to come into widespread use was rich in manganese and its introduction 
~ 
was due to Robert A. Hadfield, son of(Sheffield steelmaker; another 
incorporated nickel to yield higher strength. In the first decade of the 
new century, there followed silicon-containing steels which were applied 
to components for the electrical industry such as transformer cores, and 
tungsten-bearing steels which were found to produce better tools for 
fo 
machining other metals and alsoLyield armourplate for military purposes. 
Two further lines of development had profound significance after 1911. 
One was the extended use of alloying additions to give stronger, tougher 
materials for structural purposes: shortly before 1930 the 503-metre 
(1650-foot) arched span of the Sydney Harbour Bridge was constructed in 
such alloy steel by a British company. The other field of gro·Nth occurred 
with the so-called 'stainless steels', whose resistance to corrosion was 
first exploited by Harry Brearley of Sheffield c.1913. These various 
alloy steels required substantial quantities of elements such as chromium, 
nickel, molybdenum and tungsten, although for steel-making purposes 
relatively-crude smelting processes sufficed to prepare the additives from 
their ores. 
( 13 ) 
A new problem, that of solidifying tonnage quantities of liquid metal, 
was posed by the advent of bulk steel in the 1860s; considerable modification 
of established techniques by trial and error took place before reliable 
solid ingots of large size, capable of yielding high proportions of useable 
material, became the norm. Once the ingots, or solid blocks, of steel 
had been formed, the task became one of shaping the material into saleable 
products, such as plates for boilers and ships' hulls, railway and tram 
rails, structural 'I' beams and channels, thin strip for bending into 
tinned food containers, round rods of assorted diameters, and tubes. 
Prior to 1851, effective methods for carrying out these forming processes 
had been established, but the greatly-increased scale of production after 
that date, coupled with availability of the new bulk steel, demanded 
forging hammers, presses, and rolling mills of larger size. In the 1870s 
leading steel producers, such as the Dowlais Works in South Wales, were 
processing 1000 tonnes a week of ingots; by the late 1920s the scale of 
working had multiplied ten-fold, with 'reversing cogging mills, fitted 
with modern appliances' able to 'cog down 10 000 tons of ••• ingots', so 
that the output of rails from such plant had increased from 600 to 5000 
weekly tonnes. Similarly, in producing wire rods, while a weekly outturn 
of 25 tonnes of 9.5 mm (f-inch) diameter rounds was considered fair in 
1860, by 1927 'the same size and type of mill' was making 400 tonnes of 
smaller steel rods in the same time. (2) These increases in tonnage, with 
which were associated widened ranges of available products, were achieved 
by developments in the machinery used for processing. Larger sizes and 
power, application of fresh designs, and improved engineering accuracy 
all contributed to the overall results. In 1850, plates of copper weighing 
more than a tonne were being rolled, (3) but in general during the period 
under review it was the shaping processes for bulk steel which led the way; 
then, as need arose? these methods were adopted for other materials, such 
as copper alloys and aluminiumG 
Among the extensions made to the range of steel articles was 'seamless' 
(2) HALL, J.W., 'The development of the rolling mill with the advent of 
steel'. Iron Coal Tr.Rev. Diamond Jubilee Issue, (Dec.1927), 160. 
(3) CHADWICK, R.( 'The working of metals'. Chap.25 in SINGER, C. and others 
(eds.), A history of technology ••• , vol.5. (o~ford: L , 1958),610. 
C lo..re ... do .... Pf~SS 
( 14 ) 
tube, whose production depended on a novel German principle first put into 
practice in Swansea at the Landore Siemens Steel Company in 1887, (4) and 
transferred to the USA some ten years later. Another method of forming 
metal that was successfully extended in scope was 'extrusion'; in this, 
solid yet plastic material was forced by pressure through a shaped die 
orifice. to yield lengths having the requisite uniform cross section. For 
making pipes in lead, extrusion had been established before 1851, but the 
first industrial extrusion of tubes of copper and brass, involving more 
arduous conditions, took place close to the end of the nineteenth century, 
with application being made in the 1930s to aluminium and its alloys in 
increasingly complicated sections.(5) During the 1930s too, alloy-steel 
extrusions became feasible. 
Another way of forming metallic products came into wider use in the 
early decades of the present century; this involved creating coherent 
material by compacting and heat-treating powders of suitable size 
distribution and composition. An early instance of the use of such 
treatment was consolidation of platinum sponge, practised by Edward and 
Percy Matthey in London's Hatton Garden. (6) The technique attained 
greater significance when it was applied as part of the complex sequence 
devised to yield ductile tungsten for better electric-lamp filaments. 
With its melting temperature of more than 3000°C, tungsten posed particular 
problems in its treatment, and the sintered powder technique proved especially 
useful for dealing with such refractory metals. Later, during the 1930s, 
the application was extended to production of bronze bearings, for example, 
for internal combustion engines and electric motors. 
Following the development of railway networks in many countries, 
metals, particularly wrought iron and its successor bulk steel, were 
applied to ship construction, and then to the frames of large buildings. 
During the first half of the twentieth century, the railway's rival, the 
mechanical road vebiclep demanded mass-produced metallic components possessing 
close dimensional tolerance and high dependability. These components 
(6) 
CHADWICK, R., op.cit., 629. 
TYLECOTE, R.F. { A history of metallurgy. (London: The f1Ietals Society, 
1976), 1 54. 
CHASTON, J.C., loc.cit. 
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included radiators, fuel tanks, carburettors, lamp housings, engines and 
gearboxes, as well as structural members for the ehassis, steering gear 
and, increasingly, sheet for the bodies. Similarly, the aircraft industry 
called for reliable, strong yet light, metallic materials. Suitable 
aluminium alloys were developed around 1910 in Germany and, during the 
1920s, at the National Physical Laboratory in Teddington, England. In the 
1930s magnesium alloys were also developed, particularly by the Germans. 
Exhaust valves for aero engines received 'continual research work over the 
whole of the inter-war period', from which there emerged an advanced design 
that involved a combination of alloys, accurately shaped and heat-treated 
to provide the desired properties. (7 ) During the final decade before 
1951, realisation of a new generation of aircraft engines based on the 
gas-turbine principle set a fresh problem, that of providing materials 
which would operate under difficult conditions, at a temperature of about 
800°C, that is a good red heat, while subjected to stress. 
The new electrical industry which came into being in the second half 
of the nineteenth century enjoyed close interaction with metals: on the one 
hand, electrical conduction and generation were wholly dependent upon 
copper and iron; on the other, application of electrical energy opened 
fresh avenues for metal industry. By passage of electricity through 
solutions, 'electroplating' became possible, production of silver-coated 
cutlery becoming important soon after 1851, while chromium plating of 
motor-car and domestic fittings became prominent after the turn of the 
centurye Electrolysis of solutions also yielded metallic aluminium in the 
1890s at a small fraction of the previous price, £2.20 a kg compared with 
£132, and later contributed to production of zinc and magnesium. 
Electrolysis provided a useful tool for purifying metals and for separating 
valuable byproducts such as gold and the platinum-group elements from 
copper, the first successful electrolytic copper refinery being erected 
by G.R. Elkington at Pembrey in South Wales in 1869. 
The heating effect of electricity was applied to provide furnaces; 
these were used for the extraction of metals from their ores, for preparing 
(7) ALEXANDER, W.O., 'The utilization of metals'. Chap. 18 in WILLIAMS,T.I. 
(ed.), A histor• of technolo vol.6 the twentieth cen 
c.190Q to c.1950 part 1, Oxford: Clarendon Press, 1978, 
441-442. 
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batches of liquid metal in readiness for casting, and for the subsequent 
hea~treatment of solid metals during fo:rming operations. Moreover, and 
particularly during the last bwo decades of the period up to 1950, electric 
heating was adopted for joining pieces of metal by fusion welding, resulting 
in the large-scale replacement of bolts and rivets. During the war of 
1939-45, Stan guns were made by 'automatic spot welding', while a total 
length of nearly 1600 km (1000 miles) of Pluto pipeline was put together 
by 198 000 welded joints. Underwater welding was used to make temporary 
repairs to damaged ships' hulls. (8 ) The welding of a number of metals 
and alloys, including heat-resisting steels, to ensure formation of 
consistently strong and dependable joints while at the same time avoiding 
damage to the properties of the material being treated, demanded a new 
range of technological expertise. By the year 1 950, although much progress 
had been made, not all of the difficulties associated with welding had been 
overcome. 
Tbe metallic cartridge, largely produced from solid-drawn brass, was 
an invention of the second half of the nineteenth century: by the Boer War 
of 1901, the British manufacturer George Kynoch was able to produce 
two-million rounds a week. ( 9) During the period 1 901 - 1 950, substantial 
numbers of new alloys were formulated to possess particular qualities. 
Many of these innovations were obtained wholly empirically, either 
fortuitously or as the outcome of sustained and exhaustive practical 
exploration. In general, the new metallic materials came from demands 
for larger electrical generators, more-powerful aircraft, and cheaper 
motor cars. 
Before 1851, attention had already been paid to the important matter 
of 'strength' and rigidity in materials and some appropriate methods for 
assessment had been devised. With the great increase in both the scale 
and the range of metals and alloys which took place during the century 
(8) FOX, F.A., and HIPPERSON, A.J., 'A hun4red years of progress and 
development in metal joining processes'. Sheet Hetal Inds., 
vole 28 (1951), 469. 
(g) CHADWICK, R., op.cit., 631. 
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1851 - 1950 the subjects of mechanical testing and chemical analysis 
both developed considerably. In response to problems that arose due to 
variability of properties in metallic products, new procedures were devised 
to detect, and then to quantitatively determine, the proportions of 
elements present in raw materials, intermediates, and finished goods. 
Because of the financial importance of turning out products that were 
saleable, proprietors of metal works began to hire people able to supply 
information based on mechanical tests and chemical analyses, either as 
direct employees or as consultants. On the whole, employers regarded their 
own analysts as 'necessary evils': useful as tools but not to be 
considered as direct contributors to the main responsibilities of works' 
production. During the second half of the nineteenth century, the 
offices of the few practising consultant chemical analysts, such as 
William Baker ARSM in Sheffield, and John Edward Stead in ~uddlesbrough, 
afforded important means for instructing younger men in aspects of 
metallurgical industry. 
Besides its quantitative abundance, which called for repetitious 
routine tests for maintenance of acceptable quality, bulk steel presented 
a challenge to understanding on account of the wide variations of properties 
that could be obtained as the result both of small changes in chemical 
composition and by different mechanical and heat treatments of the solid 
metal. Speculation about the nature and constitution of metals, as of 
other kinds of matter, was no new thing. However, visual observation of 
metallic structures by means of the microscope was not at first taken up 
when its features were described with direct reference to iron-carbon 
alloys by H.C. Sorby of Sheffield in the 1860s; it was not until twenty 
years later that such 'metallographic' studies began to be used as aids 
to understanding metals by a handful of workers spread through several 
countries. One of the notable British contributors to metallography was 
J.E. Stead of Middlesbrough. 
In the 1880s too 9 it became possible to measure temperatures above 
the limits of glass thermometers and as a result investigators were able 
to obtain accurate information on the behaviour of metallic substances 
when heated and cooled. Professor W.C. Robarts-Austen of the Royal School 
( 18 ) 
of Mines in London was one of the leaders of this line of enquirJ, while 
Professor J.O. Arnold of Sheffield was active as far as the constitution 
of steels was concerned. Notable advances were also due to workers in 
France and the USA. As the outcome of joint efforts, by 1901, although 
some aspects remained unexplained, many of the chief features of the 
iron-carbon system, that is including steels, had been elucidated. 
'Phase diagrams' representing the relationship between the iron and carbon 
components over a wide range of temperature were published before 1905. 
The main aspects of the theory of hardening steels by quenching and tempering 
were developed between 1910 and 1920, (1o) the last obscure points being 
resolved soon after 1920 by studying the diffraction behaviour of x rays 
beamed onto crystal specimens. This x-ray technique, which was introduced 
c.1912, enabled much new infor.mation to be deduced about the packing 
arrangements of atoms in solid materials. 
In several ways the iron-carbon system was uncommonly complex; the 
same investigatory methods were applied to a host of other metallic 
combinations to discover the exact nature of the constituents present and 
their relationships. Besides Roberts-Austen, pioneer British workers 
included two investigators at Cambridge, C.T. Haycock and F.H. Neville, 
whose first thermal-equilibrium diagram, relating to gold-silver alloys, 
appeared in 1896. This was followed, soon after 1901, by more published 
results, such as those in 1903 for the copper-tin system, including 
bronzes, which were of remarkably-high standard.~ 11 ) Similar research 
to determine in detail the phases present in hundreds of alloys was pursued 
during the first half of the twentieth century, some results being of 
direct industrial significance. Among leading interpreters in this field 
in the quarter-century from 1925 was Dr. William Hume-Rothery who at that 
time returned to the University of Oxford to 'carry on research ••• on 
intermetallic compounds and problems on the borderland of metallography 
and chemistry'; ( 12 ) in 1938, he was appointed university lecturer in 
metallurgical chemistry e Hume-Rothery succeeded in perceiving an ordering 
(10) ALLEN, N.P., 'Fifty years' progress in'the understanding of metals'. 
Jrnl.Binningham ~Ietall.Soc., (Golden Jubilee Issue),(1954),95. 
(11) HAUGHTON, John L., 'The history of equilibrium diagrams'. 
Jrnl. Inst.:·Ietals, vol. 73, pt. 11 ( 1947), 697. 
( 12) RAYNOR, G. V., ''ililliam Hume-Rothery 1899-1968 1 • Biogr.Nems. 
Fellows R. Soc. (London), vol.15 (1969J, 112. 
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pattern in the alloying behaviour of combinations of elements, and 
propounded this in a number of publications beginning in the 1930so 
Consequently it could be said that he 'demonstrated that metallur~ 
could be treated as a scientific discipline in its own right'. (13 
In the years preceding the outbreak of war in 1914, the phenomena of 
'strain hardening', or strengthe~ of plastically-deformed metal, and 
annealing 'were fully examined'. ( 14 Fresh opportunity for the systematic 
study of certain aspects of the mechanical behaviour of metallic materials 
came with the opening of the British Government's National Physical 
Laboratory soon after the turn of the century. The 'fatigue' of metals, 
or loss of strength after repeated changes of applied load, was one topic 
investigated. Further insight into the mechanism of deformation was gained 
by work done on carefully-prepared single crystals of material. Professor 
H.C.H. Carpenter was 'the first to prepare large single crystals by a 
process of grain growth', a published account relating to aluminium 
appearing in 1920, and results obtained by various workers follow.i..ng 
during the 1920s. ( 15 ) An acceptable explanation for the observed 
behaviour of metallic materials was aided c.1905 by the suggestion of 
'slip bands', and to this was coupled during the 1930s the idea of 
'dislocations', or local irregularities in the ordered disposition of 
atomic layers. Supporting evidence was revealed by the greater 
magnifications of the new electron microscope in the closing years of the 
half century. By these means it became possible for theory and practical 
behaviour to be largely reconciled; but this exercise was incomplete in 
1950, and in some quarters certain implications of dislocations were to 
occupy attention in the second half of the twentieth century. One 1970s) 
assessment is that the dislocation 'probably was metallurgy's most 
important contribution to science in general. 1 ( 16 ) 
(13) RAYNOR, G.V., op.cit,, 114. 
(14) ALLEN, N.P., op.cit., 102. 
(15) CHASTON, J.C., 'Non-ferrous metallurgy a century of British 
progress•. The Hetal Ind., vol."!1 (11 July 1947), 30. 
(16) TYLECOTE, R.F., op.cit., 160. 
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There are two salient points that emerge clearly from this survey of 
the scope of metallic activity during the period 1851 - 1950o One is that 
metals were fundamental ingredients of the industrialised way of life 
which some nations, notably Britain, in 1851 were already beginning to 
embrace. The Great Exhibition of that year, indeed, was intended to 
extol and symbolise the virtues of such metal-based industrialisation. 
If metals were regarded as nationally important in 1851, they were in fact, 
although unacknowledged, of even greater importance in subsequent decades, 
particularly after 1910. Metals enabled the British nation to attain the 
outcomes it sought during the two major wars of 1914-18 and 1939-45, and in 
all stages of the hundred-year period 1851 - 1950 metals offered prospects 
of improved living conditions. 
The second point that is apparent is the extensive amount of 
developments with metals thatmok place during theperiod under considerationo 
There were developments in the scale and financial value of metal 
production, in the methods available for processing ores to yield metals, 
and similarly in the ways of treating metals and alloys to produce useful 
articles. There was considerable enlargement in the number of alloys that 
consumers could obtain to fulfil an ever-widening range of duties. There 
was substantial progress in knowledge of the fundamental structure of metals 
and how this was related to their behaviour and properties. As one 
consequence of these last developments, metals and their study became of 
renewed interest to academic physicists and other philosophers. 
Altogether, the materialistic 'British way of life' in 1950 would not 
have survived for long without its firm base of metals. 
(21) 
CHAPTER 2 
THE STATE OF 11ETALLURGICAL INSTRUCTION IN 1851 
The successful staging of the Great Exhibition in London in 1851 
depended to a considerable extent upon the skill of metallurgists: Paxton's 
hall, in which the exhibition was housed in Hyde Park, was built of glass 
and cast iron. Many of the objects displayed inside Paxton's building 
were products of metal, overtly or otherwise, examples including: bronze 
statues, agricultural machinery, steam engines and other railway components, 
clocks and watches, cutlery, ornaments and jewellery, coinage, and optical 
instruments. For the creation of such objects, most of which were at the time 
coming into rapidly increasing use in Europe and North America, their makers 
drew upon two lines of skill and knowledge: that of the alchemist, and 
that of the smith (that is, the 'engineer' of the eighteenth-century industrial 
revolution). Chemical skill was needed to produce the various metals from 
their ores, while mechanical expertise was required to shape and work the 
metals and alloys to desired form, at the same time ensuring that they 
possessed adequate strength. Those engaged in the production of metals also 
needed to know something of mineralogy, and would therefore be familar with 
certain features of geology. 
By the middle of the nineteenth century there had developed an appreciable 
number of sources of information to which a metallurgist in Britain could 
turn for help but, significantly, there was no place within the country 
where a deliberate course of instruction might be obtained. That situation 
was to be changed with the opening, during the Great Exhibition, of the 
Govei-runent School of l-Iines in London, soon to be known as 'the Royal School 
of Mines'. Before then, the nearest subjects in which an aspiring student 
could get tuition were 'chemistry', 'mechanics; (or 'engineering'), and even 
in some instances 'geology', instruction in these subjects being available 
( 22 ) 
at various levels, from the universities to the mechanics' institutes. 
Outside Britain, a limited number of institutions was already in 
existence where formal instruction might be obtained. These were primarily 
mining schools: in some, instruction in metallurgy was provided as part 
of the course, while in others, metallurgy had no place at all. Table 2.1 
lists the chief mining schools in existence in 1850. 
Table 2.1 Chief mining schools in existence in 1850 
Country 
Hungary 
Sarr;ony 
Russia 
Spain 
Me :rico 
France 
Sweden 
Silesia 
I n s t i t u t i o n 
Mining Academy of Schemnitz 
Bergakademie, Freiburg 
School in St. Petersburg 
School of Hines, Madrid 
Royal Mining College, Mexico City 
Ecole des Mines, Paris 
Mining School, Falun 
Mining School, TarJ>wi tz 
Date of Foundation 
1764 
1765 
(officially) 
c.1775 
1777 
1777 
c.1780 
1821 
1839 
Among these, pride of place is usually accorded to the Bergakademie at 
Freiburg, situated in a long-worked, rich mining and smelting district of 
Upper Saxony, the Erzebirge (that is, Metalliferous Mountains). One of 
the professors at Freiburg in the latter part of the eighteenth century was 
A.G. Werner (b.1749-d.1817), remembered particularly for his influential 
position as an advocate of 'neptunist' theories of geological deposition 
and formation. Some students followed a three-year course, concentrating 
upon those subjects expected to be of most use subsequently, while others 
studied for shorter periodso Besides attending the public lectures, some 
paid for private couxses with the staff. At the beginning of the nineteenth 
century, 'Mr. Werner in particular had pupils 'from all the nations of 
Europe. ••• there were Frenchmen, Spaniards, Poles, Prussians, Bavarians, 
( 23 ) 
and one Englishman, Mr. Chenevix. ' ( 1) 
The other well-established mining academy in central Europe was at 
Schemnitz, also situated in a hilly mining district, where gold and silver 
had been worked for 800 years. (2) The academy had been founded c.1760, 
under the auspices of Maria Theresa, and in 1815 it was said to have nearly 
200 students, considerably more than the number at Freiburg.(3 ) In the 
Spanish sphere of influence, not only had a School of Mines been started in 
Madrid in 1777, but in the same year a Seminario Metalio (Schoo 1 of I>Ietals) 
had been created in Mexico City, fifteen years later to become part of the 
Royal Mining College. The director, who prepared the curriculum, was a 
Spanish metallurgist who had trained at both Freiburg and Schemnitz, Don 
Fausto de Elhuyar, and the staff included a professor or metallurgy. (4 ) 
By the middle of the century, several other mining schools had been 
established in Europe, such as those at St. Etienne (founded in 1816), Alais 
(opened in 1845), and Tarnowitz in Silesia (founded in 1839). As these 
establishments all seem to have been concerned with providing instruction for 
miners at more-or-less local level, and largely in coal-mining districts, 
they are not relevant to the present study. 
One of the popular occupations of the nineteenth century was self analysis: 
almost equally popular was that of drawing comparisons between the state of 
affairs in Britain and in other countries. Facilities for technical 
instruction came in for considerable analysis. Even before 1820, one successful 
copper-works' proprietor, James Hussey Vivian, described some of the opportunities 
for technical instruction which existed on the Continent of Europe, pointing 
to the complete absence of anything similar here. Indeed, in preparation 
for entering the family business, Vivian for a short time in 1804 had himself 
been a student at Freiburg. Throughout the nineteenth century, and beyond, 
this kind of comparison continued to be made, often as propaganda to stimulate 
groups to action to provide instruction in Britain; in this, in the long term, 
the aims were at least partly successful. 
(1) VIVIAN, J.H., 'A sketch of the plan of the mining academies of 
Freyberg and Schemnitz'. 
Trans.Roy.Geol.Soc.Cornwali, vol.1 (1818), 73. 
(2) PAUL, Wolfgang, Mining lore • • • • (Portland, Oregon: Morris Printing 
Co., 2nd edn. 1971), c.58. 
(3) VIVIAN, J.H., op.cit,, 74-75. 
(4) MORRAL, F.R., 'The beginning of mining and metallurgical education in 
the New l'lorld'. Min.Engng. (New York), vol.15, no.1 
(Jan.1963), 40. 
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One difference between conditions on the Continent and in Britain was 
that in many Continental countries mineral deposits belonged to the state, 
and it was therefore regarded as being in the national interest to provide 
technical instruction for those officials who worked in the mineral industrieso 
This was certainly one reason why schools for miners and metallurgists were 
established many decades before anything similar appeared in Britain: such 
schools were provided at state expense, and the students attending them 
were not obliged to pay fees. By contrast, in this country, although 
successive sovereigns had reserved to themselves the rights to the precious 
metals gold and silver, and Queen Elizabeth had taken substantial practical 
steps to make British metal industries effective, in the period up to 1851 
the British Government paid little attention to the nation's minerals, 
preferring to leave their exploitation to private enterprise. Consequently 
in Britain it was enthusiastic individuals and private finance which tended 
to provide such opportunities for instruction as there might be, although by 
mid-century the Government, through the Board of Trade, was supporting a 
number of Schools of Design, and also the instructive Museum of Practical 
Geology in London. From this latter institution, in 1851, was to branch the 
Royal School of Mines, and even a decade before this, in 1841, 'pupils (were) 
received for instruction in analytical chemistry, metallurgy, and mineralogy'. (S) 
The British Government also acquiesced in instruction in the use and science 
of materials by paying the fees of lecturers at the Military Academy, Woolwich. 
The dissemination of information on scientific topics by means of 
lectures developed appreciably during the century from 1751 to 1850, increasing 
from a few isolated instances to a much-larger number of occurrences affecting 
many more populated districts. 
Following their success with medical studies, the universities of 
Edinburgh and Glasgow in the second half of the eighteenth century became 
renowned for their scientific and mathematical instruction. At both 
institutions, Dr. Joseph Black (1728-1799) was a leading exponent of 'applied 
chemistry', from whose lectures Henry, Lord Brougham obtained some of his 
enthusiasm for science: in Edinburgh one professor of chemistry, I·Tilliam Cullenp 
was 'a keen advocate of applied chemistry in industry and agriculture'. (6) 
(5) CHAMBERS, T.C., associates and old students of the 
(6) 
Mines ••• with historical introduction. 
Watson and Viney, 1896 , vii. 
MUSSON, A.E. and ROBINSON, Eric, Science and technolo in the industrial 
revolution. (Manchester: f·lanchester Univ.Press, 1969 , 56. 
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During the same period, Dr. James Hutton of Edinburgh attained wide recognition 
for his geological investigations and theories. In England there were 
relatively few centres of learning whence industrial science emanated. In 
the University of Oxford, since 16g3 a chemical laboratory had existed in the 
basement of the old Ashmolean I•iuseum, but it was not until 1848 that 'the 
first college laboratory was built at Hagdalen, by Charles Daubeny, Professor 
of Chemistry.' (7) At the University of Cambridge, an honorary professorship 
in chemistry was first granted in 1703, a 'chemical laboratory' coming into 
e~ence a few years later, (8 ) with similar honorary appointments being made 
subsequently. It was one of the interesting 'self-made' characters of the 
eighteenth century, Richard Watson, who, after his election to the chemistry 
professorship in 1764 while still in his twenties, successfully campaigned 
for a remuneration. In contrast with their successors in the early nineteenth 
century, Watson, and the Cambridge chemistr.v professors during the remainder 
of the eighteenth century, made significant contributions to the dissemination 
of information in the field of applied chemistry, including some aspects of 
metallurgy. 
Watson's Chemical essays, (g) contain useful information on features of 
metallurgical technology, such as lead smelting in Derbyshire and zinc 
extraction in Bristol. Richard Watson, MA, DD, FRS, Bishop of Lland.aff from 
1782, had been a student at Cambridge University in his youth. When he was 
elected professor of chemistry in his university, he self-confessedly knew 
nothing of the subject. (In this he was similar to Adam Sedgwick who, 50 
years later, was elected to the new professorship of geology at Cambridge 
without his having up to that time 'turned a stone'.) However, Watson 
was a versatile and hard-working man, and in a little over a year he was 
delivering chemical lectures to crowded audiences. In his Plan of a course of 
chemical lectures, published in 1771, besides describing industrial processes 
for preparing many of the commercial chemicals of the time, he 'devoted 
considerable attention to the metallurgy and assaying of metals'. (1o) In 
the same year that his Plan appeared, Richard Watson, at the age of 34, was 
appointed to the university's prestigious Regius Professorship in Divinityo 
(7) 
(8) 
(g) 
RUSSELL, Colin A., 'The organisation of science in England'. Open 
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(10) MUSSON, A.E. and ROBINSON, Eric, op.cit., 168. 
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For at least another fifteen years, however, he retained his active interest 
in industrial chemistry and metallurgy, until eventually obliged to forsake 
these pleasures, apparently bJ ecclesiastical pressureso Before that happened, 
he carried out investigations on zinc and into lead smelting, and profosed 
ways of dealing with the 'sulphur dioxide evolved on roasting' ores. 11 ) 
One of Watson's successors as professor of chemistry in the University 
of Cambridge was William Farish, whose course of lectures a.fter 1794 touched 
upon metallurgical topics, as well as on the manufacture of chemicals and 
aspects of civil and mechanical engineering. According to the Cambridge 
( 12) Uni versitv Calendar of 1802, during his lectures, Farish 
' ••• explains the theory and practice of I<lining and of Smelting 
metallic ores - of bringing them to nature - of converting, 
purifying, compounding, and separating the Metals, and the 
numerous and various Manufactures which depend upon them as 
well as the Arts which are more remotely connected with them, 
such as Etching and Engraving.' 
The founding of the new universities of London and Durham in the 1830s 
brought no immediate changes to the situation regarding metallurgical 
instruction. At University College, London, a chair of civil engineering 
was filled in 1841, (13 ) and another post was held by Eaton Hodgkinson, an 
experimenter and pioneer in a field bordering onto metallurgy, the strength 
of materials.( 14) From 1837 the (second) occupant of the chair of chemistry 
at the college was Thomas Graham (b.1805-d.1869), who held the post until 
his appointment, in the 1850s, as Master of the Royal Mint; before moving 
to University College Graham had been professor of chemistry at Anderson's 
Institution in Glasgow. Starting in 1845 at University College, in addition 
to the day-time classes, evening classes in practical chemistry were offered. 
At King's College, a department under the style of Civil Engineering and 
Science as Applied to Arts and Manufactures was opened in 1838, when J.F. 
Daniell was already installed as professor of chemistry. Around 1840 
W.A. Miller (b.1817-d.1870) was appointed demonstrator in chemistry, and was 
( 11 ) . PARTINGTON, J.R., 'Richard Watson (1737-1816)'. 
(11 Sep. 1937), 820. 
Chem. and Ind., 
( 12) MUSSON, A.E. and ROBINSON, Eric, op.cit., 174. 
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to succeed to the chair of chemistry in 1845: although always remaining a 
chemist, Miller became involved in investigations of a number of metallurgical 
problems, such as the improvement of iron-works' efficiency. In 1847, 
a paper on 'the manufacture of pig iron' was among those read before the 
college's newly-formed Engineering Society. (15) 
One of the original proprietors of University College, and later 
(from 1842 to 1860) its treasurer, was John Taylor, a mining engineer and 
business-man who, in the 1820s, worked for the creation of a school for those 
engaged in mining. As chairman of the committee of management of University 
College during the 1840s and 1850s, Taylor (16 ) 
'exercised great influence over every aspect of the college's 
activities, including the appointment of staff and teach.ing 
programmes during a period when the college held a pre-eminent 
position in the teaching of science in England.' 
As early as 1823, John Taylor had delivered a course of three lectures 
on metallurgy at the London Institution in Finsbury Circus, a private 
establishment founded in the opening decade of the century 'to maintain ••• 
an extensive general library ••• and to promote the diffusion of knowledge 
by lectures and conversazioni'. (17) It is interesting to speculate upon 
the influence that John Taylor may have had upon Albert the Prince Consort, 
who was to take such a leading part in promoting the creation of the Royal 
School of Mines in London, with its department of metallurgy. Certainly, 
when in 1847 the Prince Consort visited Cornwall with Queen Victoria, they 
were taken on a tour of underground mine workings by Taylor in his capacity 
as mineral agent to the Duchy of Cornwall. ( 18) 
In the north of England, the University of Durham, founded in 1832, 
included a lectureship in chemistry and mineralogy and, for a few years 
around 1838, it also ran courses in civil engineering and mining: among the 
(15) DAVIES, Professor S.J., 'Address delivered at centenary meeting of 
"King's College (London) Engineering Society" 1847-1947 1 • 
(King's College, London, 1947), 4. 
( 16) 
( 17) 
( 18) 
BURT, R., 
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(Hartington, Buxton: Moorland Pub!. Co., 
Scientific London. (London, H.S. King, 1874), 193-194. 
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topics to be considered by students were 1 ••• mineralogy; metallurgy; 
geology; the French, German, Italian, and Spanish languages.• ( 19 ) The 
first university lecturer in chemistry and mineralogy was J.F.W. Johnston. 
In 1834 one of the largest organisations concerned with the exploitation of 
lead in the northern Pennines, the London Lead Company, paid Johnston, 
'100 guineas (i.e. £105) for lectures given to all the agents and assistants 
at Middleton (in Teasdale) and £90 was spent on apparatus and books.•(2o) 
However, taken altogether, the opportunities at the universities for 
obtaining instruction of use to a metallurgist were meagre, and it was 
outside these institutions that greater developments in the provision of 
general scientific information took place. 
A large proportion of those who engaged in scientific pursuits were 
medically qualified, and the schools of medicine were major sources of 
information and advice on chemistry, their chemical staff being involved 
with the solutions to numerous industrial problems, including those of a 
metallurgical nature. When not connected with universities, the medical 
schools were either supported by benefactors, or run as commercial 
undertakings. On occasion, a practising metallurgist might become a 
medical-school lecturer, as happened in the case of Dr. Edwards who, in the 
1790s, was at the Rayle Copper Works in Cornwall, where he had a 'fine 
laboratory and library', and was visited by the youthful Humphry Davy; later 
Edwards became chemical lecturer at St. Bartholomew's Hospital in London. (21 ) 
At the Sheffield Medical Institution in 1846 the lecturer in chemistry, 
James Haywood, apparently as a personal venture, offered a series of 50 
public lectures on 'chemistry, especially as connected with agriculture, 
manufactures and economy'. These were to be held on three evenings a week, 
at a fee of £3.15 (that is, three guineas). (22 ) 
(19) CHEVALLIER, Temple, 'Mining education at the University of Durham'. 
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In Newcastle-upon-Tyne in the 1840s, the lecturer in chemistry at the 
College of Hedicine, which had been started in 1832, (23 ) was Dr. Thomas 
Richardson. Richardson, who was a pupil of J.F.W. Johnston, acted as a 
consultant to the London Lead Company, making suggestions for improvements 
in technical processes. There is no doubt he was greatly interested in 
industrial applications of chemistry; he might be regarded as one of the 
earliest 'chemical engineers'. In 1845 the records of the London Lead 
Company state that (24) 
'the most promising and intelligent of the younger clerks are 
sent for instruction in Chemistry, etc., to Newcastle, at such 
times of the year as they can best be spared, also they are 
occasionally sent on journeys to inform themselves by visiting 
other establishments'. 
In some district centres there were close links between medical schools 
and various voluntary groups 1mich came into being to promote the spread 
of information, especially during the first half of the nineteenth century. 
Many of these groups described themselves as 'literary and philosophical 
societies'. Founded in 1793, the society of that name in Newcastle-upon-Tyne 
ranks as one of the oldest of such bodies in Britain, and its activities m~ 
be regarded as reasonably typical of the larger groups. Among the aims 
proposed at the Newcastle society's foundation was that of investigating 
questions pertaining to the coal and lead industries of the district. It 
is doubtful whether much headway was made with these topics but, as a feature 
of policy, educational classes were started in 1803, the paid lecturer being 
expected to hold courses of twenty or more meetings at certain times of year. 
Each lecture was delivered twice: for country members at 11 o'clock in the 
morning, and again for town members at 8 in the evening. Fees charged for 
the courses in the early years were one guinea (£1 .05) to ordinary members of 
the society, two guineas to nonmembers, and the comparatively-large sum of 
three shillings (£0.15) for each single lecture. (25 ) A course of 32 lectures 
(23) HOWDEN, Robert, 'The University of Durham College of Nedicine, 
Newcastle-upom-Tyne'. In Official handbook to Newcastle and 
district, (ads.) RICHARDSON and'TOMLINSON, (Newcastle: 
Andrew Reid, 1916), 144. 
(24) RAISTRICK, A. and JENNINGS, B., loc.cit. 
(25) WATSON, Robert 
Societ 
Scott, 
( 30 ) 
on 'chemistry and its applications to the arts' was given in the session 
1804-05, and the opportunity for members to participate in a similar series 
came again in 1815-16e After this, 'chemistry' next featured in the 
lectures in 1824-25. For the thirty years from the inception of the scheme 
to 1833, the lecturer was the Revd. William Turner, a Unitarian minister in 
Newcastle. 'Chemistry' appeared again in 1833, but this time the series 
of twenty-two lectures was given by James F.W. Johnston, 'professor of 
chemistry' in the new University of Durham. Associated with this series, 
an innovation was the provision of practical classes, held in the mornings 
f th l tur d f hi h th t d t I d th t t be f"tl (26 ) o e ec e ays, rom w c e s u en s reape e ~a es ne J. • 
At the Newcastle 'Lit. and Phil.', 'the mineral kingdom' was first 
given as a series of twenty lectures by Mr. Turner in 1814, the topic 
occurring again in 1822-23 and 1830. In 1834 'mineralogy and geology' 
was offered, the lecturer for this series being John Phillips, professor 
of geolo~J at the newly-formed King's College, London, who also ran practical 
classes in the form of excursions 'to the many geological points with which 
this district abounds.•( 27) 
In subsequent years, opportunities for those within reach of Newcastle 
to attend lectures on chemical or geological topics recurred from· time to 
time, although after 1840 most of the courses offered were shorter, mainly 
being limited to no more than two or three lectures. By the year 1896 the 
Newcastle 'Lit. and Phil.' was to have provided 140 courses of an educational 
kind, expending £18 000 'to meet certain of the educational requirements of 
this district•.C 28 ) 
In Sheffield, a Literary and Philosophical Society was formed at the 
end of 1822, and in the following year £63 was paid to John Webster for 
twelve lectures on chemistry and mechanics, while in 1826 Richard Phillips 
received £150 for his tw·elve chemical lectures. (2g) 
(26) WATSON 9 Robert Spence, o:e.ci t., 229o 
(27) WATSON, Robert Spence, o:e.cit., 230. 
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( 31 ) 
Ian Inkster, who has made a study of public scientific activity in 
Sheffield during the period, records that in the first half of the nineteenth 
century itinerant lecturers provided an important source of information and 
inspiration on various aspects of science. These men travelled the country 
to make livings by presenting courses of lectures, or sometimes one-night 
stands, in the centres of population. Admission to a single lecture might 
cost £0.05 (one shilling), a sum sufficiently large to have proved a barrier 
to many; for a course of twelve lectures the presenter might charge £1 .05 
(i.e. one guinea), and was apparently often successful in obtaining enough 
takers to make the exercise rewarding. 
Naturally enough, the direct links with metallurgy provided by the 
popular science lecturers were few and far between. In Sheffield, in 1789 
there was offered a course on chemistry, comprising fifteen lectures. The 
lecturer, John Booth, was himself connected with the iron trade, inheriting 
his father's iron works. He not only provided chemical lectures in Sheffieldp 
but went to Chesterfield to repeat the course; in the following year he 
offered the course again in Sheffield, advertising for at least 40 subscribers 
to make it worth his while to begin. Around the beginning of the nineteenth 
century an average of between one and two lecture courses a year was 
presented by itinerant commercial lecturers: those on chemistry were uncommon, 
and those dealing with metals highly unusual. However, a course of t1·relve 
lectures on 'metals and metallurgy' was presented in 1799 by Thomas O.Warwick, 
at that time a dissenting minister in Rotherham. (30 ) In Sheffield in 1806 
a dozen lectures on 'experimental chemistry' were given by an itinerant who 
claimed to be 'lecturer in chemistry at the Middlesex Hospital ••• London', 
and an 'hon. member of the Literary and Philosophical Society, Newcastle'. 
Parts of his course dealt with the important relationship between chemistry 
and commercial manufacturing. (31 ) In 1807 another self-made lecturer, 
who was involved with the practical working of metals, offered lectures in 
Derby, 'on the production, management and application of metals and metallic 
oxides'; in fact, one of the four lectures was devoted entirely to 
non-=metallic and sensational aspects of the new galvanism.<32 ) 
(30) INKSTER, Ian, on.cit., 117 p 11 50 
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Although these itinerant lecturers found it worthwhile to appeal to the 
public at large for support, there was a growing tendency in the towns for 
like-minded people to form groups to pursue their mutual interests. Thus, 
in Sheffield soon after the opening of the nineteenth century, there existed 
the Society for the Promotion of Useful Knowledge. In 1804 those attending 
its meetings had the opportunity to hear about the manufacture of white lead 
(the important ingredient of paints), and a lecture on 'Quicksilver- a general 
history of the metal and effects of different degrees of oxygenation'. The 
talk on white lead was highly technical, and suggested forming the substance 
by a method which would minimise workers' exposure to its effects. However, 
on such an occasion it seems unlikely that more than a dozen people would have 
been present. (33 ) Other papers presented to the Society for the Promotion 
of Useful Knowledge dealt with aspects of the preparation of silver from lead, 
and with the melting of copper. Again in Sheffield, during the greater part 
of the 1830s there was in being a Physical Club, with some twenty-four members. 
It is claimed this society was 'intended as a forum for the discussion of 
new inventions and technijues, and as a means of keeping up to date on 
scientific progress'. (34 Perhaps the nearest it came to metallurgy was 
in 1834, when it considered a short paper on 'The action of steam upon iron'. 
Even when a People's College was started in Sheffield in 1842, it had no 
effect upon the paucity of instruction available in technical subjects. 
Besides the substantial impact on the spread of general information 
that was made by the literary and philosophical societies, during the second 
quarter of the nineteenth century another important agency was the mechanics' 
institutes. Commonly linked with the name of Dr. George Birkbeck, the first 
three of these societies were established in Edinburgh (1821), Glasgow (1823), 
and London (1823-24). In 1824 mechanics' institutes were opened in other 
toivns, such as Leeds and !~cheater, and by 1826 it is estimated that more 
than one hundred were in exitence. These institutes set out to provide 
their members with evening lectures on scientific topics such as chemistryp 
astronomy, botany and physics. After the initial decade of enthusiasm, however, 
(33) INKSTER, Ian, op.cit,, 104. 
(34) INKSTER, Ian, op.cit., 106. 
( 33 ) 
demand for such subjects declined markedly, and instead, features of general 
education became predominant, that is to say, reading, writing, and arithmetic. 
For instance, in Newcastle-upon-Tyne, evening classes in chemistry were offered 
for a few years in the 1820s but, by 1830, they had collapsed for lack of 
support. ( 35 ) 
The progress of the i1echanics' Institute in Sheffield will illustrate 
the general trend, Its forerunner was the Mechanics' and Apprentices' 
Library opened in the town in 1824; one year later this possessed 1100 
volumes, (36) and a paper on 'chemistry as connected with the manufactures 
of Sheffield' was presented in association with it. (37 ) In 1832 there was 
established the Sheffield Mechanics' Institute, it being stated that there 
was a desire to set up an institution (38) 
'to supply at a cheap rate to the working classes ... 
instruction in the various branches of Science and Art which 
are of practical application to their Diversified avocations 
and pursuits 1 • 
The institute attempted to provide evening classes in subjects such as 
drawing, grammar, geography, and natural philosophy. At the end of 1833 
it made a grant of £37 for 'experiments and illustrations in electrolysis, 
pneumatics and chemistry'. At much the same time, a course of six lectures 
on geology was offered. (39) 
North of Sheffield, in the new iron town of Middlesbrough, a Nechanics' 
Institute was formed in September 1844, when 104 members were enrolled, A 
year later evening classes began in reading, drawing, grammar and arithmetic; 
not until 1861, however, was a class in chemistry offered, (4o) 
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By the year 1851, and in the space of a generation, this voluntary 
movement had grown to a level of some 600 institutions, with a total of between 
60 000 and 102 000 memberso (41 ) There had also been achieved a constructive 
co~peration between individual institutes, one hundred of which, with a 
membership of nearly 20 000 individuals, had formed a union intended to be 
of mutual benefit, enabling systematic courses of lectures to be provided on 
subjects which included chemistry, economics, statistics , and applied 
mechanics. It is fairly clear that the mechanics' institutes never set out 
to provide technical instruction for trades, but rather to enunciate the 
principles which guided them, and to give their general scientific backgrounde 
Even so, the predeliction for science with which they began in the 1820s 
soon declined, and the institutes' sphere of influence changed. Their 
impact upon general education was significant, and during the third quarter 
of the century it was to become greater. 
In marked contrast with the wide-spread mechanics' institutes which 
offered elements of general education during the 1840s, there were a few 
establishments, founded by private money, which supplied training of a more 
technical character. One of these was the Royal College of Chemistry, 
promoted by the Prince Consort and Sir James Clark (Queen Victoria's 
physician) with the aim of making available in Britain, to those students 
who could afford the fees and the time to study, tuition in chemistry at a 
high levele The day-time work included substantial practical exercises. A 
German, A.W. Hoffmann, was appointed director in 1845, and the new institution 
occupied premises near Oxford Street and Hanover Square. After eight years 
of existence, in 1853 the college was to be 'nationalised', when it was 
taken over by Government and added to the School of Mineso 
In 1838 an engineering college in Putney was opened to students. In 
some respects this appears to have had similarities with the Royal College 
of Chemistry, but it lacked royal patronage and, although it served as the 
training ground for a number of youths who subsequently became successful 
engineers 9 it faded from the scene before the end of the nineteenth centuryo 
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Another privately-funded body, but of rather a different kind, was the 
Royal Institution in London, formed 'for diffusing the knowledge of useful 
mechanical improvements' and for teaching 'the application of scientific 
discoveries to the improvement of arts and manufactures in this country'. (42 ) 
At the beginning of the nineteenth century the Royal Institution in London's 
Albemarle Street was Britain's 'only public research laboratory'. (43 ) 
There, the subject of metals and their properties assumed occasional 
importance. The original concept of the foundation, however, became greatly 
altered, for 'the institution was no longer a popular school of technical 
science, but became almost the exclusive property of the higher classes.' (44 ) 
Humphry Davy was the brilliant young Cornishman who had charge of the 
laboratory in the early years of the century. In 1807 he successfully 
produced, for the first time, the metals potassium and sodium by means of 
the electrical energy from the new Voltaic batteries which depended entirely 
upon the interaction of two dissimilar metals, such as copper and zinc. 
Later, for several years around 1820, Davy's assistant and subsequent successor, 
Michael Faraday, pursued investigations into some features of metals, trying 
to create better 'alloys of steel'. In the course of this enquiry Faraday 
visited the large iron works at Dowlais in sou~ast Wales and, following 
this visit, was employed to analyse in the London laboratory a range of 
samples drawn from the works. While walking in Wales, Faraday called at 
Vivian's copper works near to Swansea, where he was allowed to see all the 
processes used, and this enabled him to commit a detailed account to the pages 
of his 'Journal' .. Horeover, on his return to london, certain techniques 
used to harden copper were applied to his steel researches., However, Hichael 
Faraday's investigations with 'alloys of steel' lasted only until 1823, when 
his commercial collaborator died, but during them he studied the crystalline 
structure of the specimens by etching with acid and examination under the 
microscope • (45 ) Later, close to 1830, at the Royal Institution Faraday 
carried out his great work on electromagnetic effects: work which relied 
absolutely upon the two metals copper and iron. 
BECKER, Bernard, op.cit., 32. (42) 
(43) CARDWELL, D.S.L., The or isation of science land. 
(London: Heinemann, 1972 edn. , 
(44) BECKER, Bernard, op.cit., 36. 
(45) WILLIAYJS, L. Pearce, Nichael Faraday. (London: Chapman and Hall, 1965), 
113 0 
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For several decades before London's Royal Institution had appeared, 
the Society of Arts was in existence, having been founded in 1754. However, 
during its first 90 years the society seems to have done nothing of relevance 
to the present study, but it then came into prominence as the body which 
promoted the Great Exhibition in London. In subsequent years it was to 
take an active part in furthering certain aspects of technical instruction. 
Similarly, England's premier scientific body, the Royal Society, 
apparently provided no help towards the spread of metallurgical knowledge 
during the first half of the nineteenth century, except in a negative way, 
and in contrast with its attitude and achievements in the latter part of the 
seventeenth century. It could be argued that in the first half of the 
nineteenth century the lack of interest in scientific progress and development 
shown by the society was a factor in the creation of other groups. 
One such body, whose foundation is directly attributable to 
dissatisfaction with the Royal Society, was the British Association for the 
Advancement of Science. Far-less exclusive than both the Royal Society and 
the Royal Institution, in the twenty years between its formal establishment 
in 1831 at York and the middle of the century, the body had certainly shown 
its usefulness. By th~ practice of holding its annual conferences in 
different provincial centres, the British Association stimulated interest in 
science in many districts of the kingdom, encouraging the presentation of 
papers based upon scientific observations and affording large numbers of 
people with opportunities for 'contact' with science. In 1845, the renowned 
scientist R.W. Bunsen and the younger Lyon Playfair (then assistant chemist 
at the Museum of Practical Geology) presented to the British Association, 
meeting in Cambridge, a report of their investigations into the chemist~; 
and working of the blast-furnace process for making iron. (46 ) This was 
a significant contribution to the knowledge of a sector of metallurgical 
processing vital to the British economy and, consequently, to the country's 
dominant world position throughout the first three-quarters of the nineteenth 
centuryo 
(46) BUNSEN, R.W. and PLAYFAIR, Lyon, 'The g~ses evolved from iron furnaces 
with reference to the theory of the smelting of iron'. 
(Cambridge: British Assocno, 1845), 14Z-18b. 
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In spite of the developments that occurred in the first half of the 
nineteenth century, the individual metallurgist of 1851 might still have felt 
himself to be working in isolation: a sensation not wholly unknown a century 
later! Not until the second half of the nineteenth century was there any 
substantial growth in the establishment of professional and learned societies 
for technologists and engineers. Nevertheless, during the period from 1810 
to 1850 significant steps in this field did take place. The Geological 
Society of London was established in 1807, while the Institution of Civil 
Engineers, with its headquarters in London, was founded in 1818: in its early 
years, no published reports of meetings were made, but from 1837 the Minutes 
of Proceedings began to be circulated, forming a vehicle for descriptions of 
metallurgical equipment and procedures, as well as for many other topics. 
In 1847 came the first meeting of the Institution of Mechanical Engineers, 
held in Birmingham; not until thirty years later was its base transferred to 
London. (47 ) The Chemical Society of London, founded in 1841, proved to be 
eminently more successful than an earlier London Chemical Society which, in 
1824, had existed for only six months. (48 ) Practising metallurgists would 
have been among the members of these various bodies. 
In the extreme south-west corner of Britain there grew up several 
institutions concerned, at least in part, with aspects of metallurgy: the 
Royal Geological Society of Cornwall, the Royal Institution of Cornwall 
(dating from 1818), and the Royal Polytechnic Society of Cornwall (founded 
c.1829). The Royal Geological Society of Cornwall was set up in 1814, and 
by 1818 had started to publish Transactions, while at the same time steps were 
taken, apparently ineffectually, to establish a chair for a professor of 
mineralogy and geology. These efforts were described by a sympathetic 
contempoTary as the first attempt made 'to establish a mining academy', the 
writer going on to observe that 'our government is not so materially 
interested in the mineral production of the country as those of the continent, 
where all metals belong to the state ••• •. (4g) The Royal Institution of 
Cornwall, which included a museum in Truro as one of its important features, 
(47) HADFIELD, Sir Robert A., Metallur and its influence on modern 
progress ••• London: Chapman and Hall, 1925 , 269,270e 
(48) RUSSELL, Colin A., op.cit., 19. 
(49) VIVIAN, J.H., op.cit., 71,76. 
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in the second half of the century was to play an active part in promoting 
technical education in the Duchy. In parallel fashion, the Royal Polytechnic 
Society of Cornwall had technical instruction for the mineral indust~J as 
one of its chief objectives. 
However, it was personal effort and expense which gave the Duchy its 
first trial mining school, for in 1838 Sir Charles Lemon of Carclew (b.1784-
d.1868) offered to endow such a school, while undertaking for an experimental 
two-year period to meet the expenses of the venture. As a consequence, some 
classes were held in 1838 and 1839, but by the following year the attempt was 
judged to be a failure. As with so many other proposals, this one foundered 
for lack of money forthcoming to substantiate professed interest. It was 
not to be until after the turn of the half centu~J that further efforts were 
made to provide technical instruction in Cornwall by means of regular classes. 
In the English north Nidlands, the Geological and Polytechnic Socety of 
the West Riding, founded in 1837, had connexions in both Leeds and Sheffield, 
while west of the Pennines the I•lanchester Geological Society came into 
existence in 1838. The following year, a paper read to the Liverpool 
Polytechnic Society by Thomas Spencer was entitled 'An account of some 
experiments made ••• (to discover) how far voltaic electricity may be usefully 
applied to the purpose of working in metal'. No similar institutions appeared 
further northwards in England, or in Wales, until after 1850. As ~ri th other 
groups already discussed, whose membership was composed largely of engineers, 
geologists, works' proprietors and businessmen, attendance at the meetings of 
these societies is likely to have been beneficial to individuals engaged in 
metallurgical pursuits. For example, at the meeting of the Geological and 
Polytechnic Society of the West Riding held in Sheffield in March 1842 there 
was presented a paper by Henry Hartops which described 'The effects of hot 
and cold air in the blast furnace, in the manufacture of iron'. (5o) In 
view of Neilson's first use of heated air in Glasgow a dozen years before, 
this would be a topical review of an important industrial development. 
By 1850 a fair amount of published information relating to metallurgy 
tias available to those who >'l'ere able both to procure copies of it, and 
to understand them. The greatest classical text was the De re metallica of 
Georgius Agricola, first published in Latin at Basle in 1556. (51 ) 
(50) INKSTER, Ian, op.cit., 107. 
(51) AGRICOLA, Georgius, De re metallica, translated from the first Latin 
edition of 1556 ••• by H.C. HOOVER and L.H. HOOVER. 
(London: The I'li.ning I<lagazine, 1 91 2) , v-viii, xvi. 
( 39 ) 
Because of its wealth of detail and breadth of subject matter, great interest 
surrounds the author of this work: Agricola (originally Georg Bauer) was in 
turn schoolmaster, town physician at Joachimsthal in Bohemia, city physician 
of Chemnitz in Saxony, and Burgomaster of the same place. The written text 
of De re metallica is supplemented by a large number of descriptive woodcuts, 
which would have provided great enlightenment to those unable to read. 
German and Italian editions appeared within a few years of the Latin one, and 
it seems certain that the work continued to be used as a source of technical 
information into the latter half of the nineteenth century, although until 
1912 no English edition was published. 
The comprehensive character of Agricola's De re metallica tends to 
cause it to overshadow several other books which first appeared in print 
within the same century, but which confined themselves to restricted aspects 
of metallurgy. Thus, in 1500 there had been published the first printed 
metallurgical book, Nutzlich Bergbuchlein (Little book on ores), the writer 
of which is unknown. A second anonymous work was printed c.1520, the 
Probierbuchlein, or little book on assaying. These items were followed, in 
1540, by De la pirotechnia of V. Biringuccio, who had been born in Siena, 
and who became head of the Papal foundry and munitions' supplies e This last 
book, a handbook for craftsmen, was concerned with the economic conduct of 
\52) . processes. A French translat~on was made in 1627. 
Within twenty years of the publication of De re metallica, there appeared 
in Prague another work, Beschriebung aller fUrnematen mineralischen Ertzt 
und Bercla'l9fksarten ( Hineral ores and mining arts) • Its author, Lazarus 
Ercker, was at one time superintendent of mines in the Holy Empire and Bohemiae 
His work recurred in German editions up to 1836, while an English translation 
of it was produced in 1683 by Sir John Pettus. (S3) Also in England, copies 
of an essay on coal and its metallurgical uses by the controversial Dud Dudley 
were issued in London in 1665, (54 ) some fifty years after the use of coal 
(52) WEST, E.G., 'Textbooks and teachers - thoughts on education of 
metallurgists 1 • ~1etallurgist !-late rials Techno!' t., volo 10 (Aug. 1978), 427. 
(53) WEST, E.G., op.cit., 428. 
(54) DUDLEY, Dud, Dud Dudlev's metallum martis: or, iron made with 
i t-coale • • • and with the same fuel! to melt and fine erfect 
metials, and refine perfect mettals. London, 1665 • 
( 40 ) 
for smelting had been considered in the Metallica of Simon Sturtevant. ( 55 ) 
Another relevant English seventeenth-century work was the Metallographia of 
John Webster. ( 56 ) 
Abroad, in 1640 a Spanish priest and metallurgist, Don Alvaro Alonso 
Barba Toscano, published The art of metals: among other things, this book 
pointed to the need for a 'school of mining and metallurgical education' 
in the American Continent. (S7) 
During the eighteenth century, it seems to have been chiefly in France 
that items were published that might have been of interest and use to 
metallurgists. For instance, in 1722 de R9aumur's L'art de convertir le fer 
forge en acier ••• was issued, ( 58) while in 1786 there appeared Memoirs sur 
le fer. (sg) Another work with metallurgical content, Essais des mines et 
des m~taux, which was published in Paris in 1764, was a French edition of 
a book first produced in German a quarter-century earlier. (6o) There were 
also the volumes of the monumental Encyclopedia of Denis Diderot and 
J, D1Alembert, which came out between 1751 and 1772. ( 61 ) Not only did this 
work have wide influence by virtue of the material it contained, but it 
stimulated others into copying its style, so that by the middle of the 
(55) 
(56) 
(57) 
(58) 
(59) 
HADFIELD, Sir Robert A., op.cit., 343. 
1tlEBSTER, John, Metallographia: or, an history of metals •••• 
(London, 1 671). 
MORRAL, F.R., op.cit,, 40. 
REAtwnJR, R.A.F. de, L' t de convertir le fer for e en acier et 
l'art d'adoucir le fer fondu. Paris , 1722 • 
VANDERMONDE, A. BERTHOLLET, C. and MONGE, G., Hemoire sur le fer, 
memoires de l'Academie Royale des Sciences. (1786), 
Quoted by K.C. BARRACLOUGH, 'Steelmaking before Bessemer -
the importance of the north east of England', Cleveland 
Indus.Archaeo.Soc.Rsch.Rpt., no.1 (1976), 22. 
(60) SCHLUTER, C.A., GrUnlicher Unterricht von ~utteWr. n nebst einen 
vollstandigem Probier-Buch. Braunschweig, 1738 • 
Quoted by R.F. TYLECOTE, A histo6) of metallurgy, 
(London: The Metals Society, 1976 , 142. 
(61) DIDEROT, D. and D'Alembert, J., Encyclopedia, ou dictionnaire 
raisonne des sciences, des arts et des metiers. 
(Paris , 1762). 
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nineteenth century there had appeared a number of English encyclopedias, 
such as Luke Hebert's Engineer's and mechanic's encyclo~dia of 1836, (62 ) 
which was soon eclipsed by the first edition of Dr. Andrew Ure's great 
Dictionary of arts, manufactures, mines ••• This last work provided 
useful practical details over the range of metallurgical processing: ore 
dressing, chemical treatments, and subsequent shaping methods for iron and 
other metals. It was widely appreciated, for new editions continued to 
be produced until 1875-78. (63 ) Another series of publications including 
useful metallurgical content was Lardner's Cabinet Cyclopedia, which 
yielded three volumes dealing with 'iron, steel, tin, lead, copper and other 
metals' in the two decades before 1850. (64 ) 
Valuable descriptions of British metallurgical practice were given by 
the Frenchman Gabriel Jars in his three volumes, Voyages m~tallurgigues, 
published in Lyon between 1774 and 1781, despite the fact that by no means all 
of the proprietors approached by Jars had been co-operative. (65 ) In 1827 
there appeared another account in French, Voyage metallurgigue en Angleterre, (66 ) 
followed fifteen years afterwards by a specialised article, 'Memoire sur la 
fabrication de l'acier en Yorkshire', published in the Annales des Mines,< 67 ) 
the first volume of which had been issued at the beginning of the nineteenth 
century. 
( 62) HEBERT, 
(63) URE, Andrew, Dictiona (~L~ond~o~n~:~~~~~~~~~~~~==~~ vols. 
(64) HOLIJUfD, J., A treatise on the progressive imnrovement and nresent 
state of the manufactures in metal, 3 vols. 
(London: Longman, Green, etc.; vol. 1 1842; vol. 2 1833; 
vol. 3 1834). Lardner's cabinet cyclopedia series. 
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By the 1840s the enterprising technologist in Britain could have 
included in his library a copy of Bishop Watson's Chemical essays of the 
1780s with their considerable metallurgical content, (68 ) a copy of Dr. W. 
Richardson's English textbook of 1790, The chemical principles of the 
metallic arts , •• , (69 ) and Dr. William Pryce's volume, Mineralogia 
Cor.nubiensis of 1778, which had provided stimulus to Humphry Davy. (7o) 
In addition, articles relating to aspects of metallurgy were being printed 
in a number of English periodicals. For instance, besides many articles on 
mining, John Taylor contributed one 'On the smelting of tin ores in Cornwall 
and Devonshire' to the Transactions of the Geological Society in 1821, 
and two concerned with instruction to the Philosophical ~~gazine: 'A course 
of lectures on metallurgy delivered at the London Institution' (1823), and 
'Prospectus for a school of mines in Cornwall' (1825). (71 ) 
Earlier, the Philosophical Hagazine had been the vehicle for 'a remarkable 
series of papers' by David Hushet, which appeared spread 'over a period of 
more than ten years' from 1798. According to !llusson and Robinson's 
assessment, Hushet 'demonstrated in brilliant fashion how chemistry and 
mineralogy could be usefully applied to iron smelting and forging.' (72) 
Even in the eighteenth century, the long-established Philosophical Transactions 
of the Royal Society had contained material relating to metallurgy, such as 
a paper by Richard 1Na tson, which was read before the society in 1777 and 
printed in the following year: 'Chemical experiments and observations on 
lead ores'Q (Later, this was reprinted in Chemical essays, volume 3). 
(68) WATSON, Richard, op,cit. 
(69) RICHARDSON, W., The chemical principles of the metallic arts ••• 
and a concise introduction to the study of chemistry. 
(Birmingham, 1790). 
(70) PRYCE, William, Hineralo ·a Cornubiensis a treatise on minerals mines, 
and mining,.. London: J. Phillips, 1778 • 
(71) Respectively, Trans.Geol.Soc., vol.5 (1821), 358=368; 
Phil.~fug., vol.61 (1823), 283=291; 368=374; 448=458; 
Phil.~~g., vol.66 (1825), 137-150. 
(72) MUSSON, A.E. and ROBINSON, Eric, op.cit., 184-185. 
The authors note that these articles were collected 
together and published as ¥apers on iron and steel 
in 1840. 
( 43 ) 
Two other examples will serve to show that during the first half of the 
nineteenth century metallurgical information was becoming available for those 
who could read: the Annals of Philosophy in February 1823 contained 'An 
account of the process of copper smelting as conducted at the Hafod Copper 
Works, Swansea', by J.H. Vivian, while the Transactions of the Natural History 
Society of Northumberland, Durham and Newcastle for 1831 carried 'An account 
of the method of smelting lead ore and refining lead, practised in the mining 
districts of Northumberland, Cumberland, and Durham, in the year 1831 1 , by 
H.L. Pattinson. 
Moreover, by 1850 a periodical publication devoted to the mineral industry 
was being printed in English. Started in 1830 as The Quarterly ~uning Review, 
from 1837 it became known as The Mining Journal, and was produced more 
frequently: 150 years later, Mining Journal is still published in London, 
where it appears every week. (73 ) On a more popular level, The Penny ~~gazine 
carried a number of articles describing activities in various manufacturing 
premises, a fair proportion of which were concerned with metallurgy. For 
instance, the Tyne-side lead industry was featured in 1844 in an article 
entitled 'A day at the Tyne factories'. (74 ) 
At the same period British patent specifications might have become 
worthwhile sources of information, repaying study by the diligent metallurgical 
worker, although it was not until the 1870s and 1880s that their number was 
to increase so greatly. Digests of patent specifications were given in the 
Repertory of arts and manufactures, the first volume of which appeared in 1794. 
The first book on the new subject of electroplating was brought out 
in 1841 by Dr. Alfred Smee, FRS, whose official post was surgeon to the 
Bank of England. (75 ) 
(73) ANON., 'The Quarterly Mining Review: it paved the way'. 
IHning Mag. (London), vol. 142, no.3 (Mar. 1980), 280-281. 
(74) ANON., 'A day at the Tyne factories'. 
The Penny ~mgo 9 vol.13 (31 Aug. 1844), 337=342. 
(75) SMEE, Alfred, Elements of electro-metallurgy, or the art of 
working in metals by the galvanic fluid. 
(London: 1841). 
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To summarise, by the year 1850 opportunities were available for the 
able and financially-supported person to obtain substantial amounts of 
information relevant to the practice of metallurgy by reading books and other 
printed material. In addition, such a person could attend classes for 
instruction in chemistry, mineralogy, and engineering. Classes in these 
subjects were provided at only a handful of places within Britain, however, 
but the improved communication systems which contributed to the growth of 
the written word also made it easier for a student to travel for study abroad 
at one of the existing 'mining schools'. At a more-local level, classes 
in chemistry were to be found in medical schools situated in the major 
British towns, while elementary classes in reading, writing and perhaps 
chemistry and mechanics, were supplied by the wide-spread mechanics' 
institutes. The well-provided person could also gain information from the 
meetings of one 'chemical' society and a number of 'geological' societies 
which were then in being in certain districts: Cornwall, London, Hanchester, 
Leeds and Sheffield. 
Benefit from any of the foregoing opportunities, however, required 
financial resources, time, and energy. For the ordinary, unendowed workman 
within a metal plant, the chances for improvement, either for himself or for 
his children, by any of these means were extremely slender. 
When viewed in relation to the immense amount of activity with metals 
which was pursued, all of the above provisions were small. During the 
second half of the nineteenth century there was to be growth both in the 
quantity of metallurgical activity and in the provision for instruction: 
but not until after ~50 could the relationship between the two be regarded 
as even reasonably satisfactory. 
( 45 ) 
CH.APrER 3 
THE PROVISION OF !o!ETALLURGICAL INSTRUCTION, 1851 - 1950 
The year 1851 is chosen as the starting point for the survey because 
in Britain this was when the first regular instruction in 'metallurgy' 
became available at the newly-opened Government School of i•lines and of 
Science Applied to the Arts. Apart from this facility in London, in the 
years immediately following the Great Exhibition means for formal tuition 
in the subject were non-existent so that metallurgical knowledge could be 
gained in only two ways: by studying works' practice either as an apprentice 
or a favoured relative of the proprietor; and by attending one of the small 
number of classes in existence abroad. During the 1850s, no more than a 
handful received formal instruction in metallurgy: in the succeeding ninety 
years, however, the opportunities grew considerably, as did the numbers 
using them. Apprenticeship and family connexions remained important, but 
as methods for acquiring technical knowledge they became supplemented by 
academic study. At first, instruction came to be provided at evening classes 
held in London and various provincial centres but, after the beginning of 
the twentieth century, some day-time classes also became available. While 
the bulk of such tuition was at elementary or intermediate levels, from the 
1890s advanced-level courses associated with university degrees came into 
being at a growing number of places. 
Stimulus to those attending the local less-advanced classes, and uniformity 
of standards within them, were provided by nationally-run examinations' 
systems, of which the earliest to make any impact was that of the Government 
Department of Science and Art. These metallurgy examinations attracted 
( 46 ) 
277 candidates in 1880 and 686 in 1886.( 1) Around 1880, the City and Guilds 
of London Institute also began work in this field. More than 65 years later, 
after 1945, national certificate examinations in metallurgy were introduced. 
As far as qualifications by school certificate were concerned, only in the 
single year 1931 was metallurgy among the subjects examined.( 2) By 1950 at 
least fifteen colleges offered courses leading to the City and Guilds' 
examinations in metallurgy. By that year too, examinations had been introduced 
by the Institution of Metallurgists. 
Progress of the ordinary and higher national certificates during the 
first eight years of the scheme's working is shown graphically in Figure 3.1. 
In 1949, the 222 entries for the ordinary national certificate in metallurgy 
(henceforward referred to as 'ONC') amounted to 1"24 per cent. of all entrants 
in England and Wales, while in 1950 the 281 entries accounted for 1.4 per cent. 
In both years about one half of the candidates were successful, Table 3.1. 
Nearly twenty colleges offered courses for the ONC, while thirteen in England 
and Wales prepared candidates for the higher national certificate ( 1 HNC').(3) 
Table :2 .1. Ordina~ and hiiher national certificates 
in metallurgy in England and Wales 
Level Year Metallurgy Total rifetallurgical 
entries proportion entries candidates successes proportion 
of succ~sses, total, % per cen • 
ONC 1949 222 107 48.4 17 916 1.24 
1950 281 143 51.0 20 060 1.4 
HNC 1949 74 59 80.0 5 861 1.26 
1950 62 42 67.7 6 944 0.9 
In 1949 and 1950 no full-time courses for ordinary or higher national 
diplomas in metallurgy were available. 
as 
of 
Based on MINISTRY OF EDUCATION, Education 1900 - 1950. fhe report of the 
Hini t of Education and the statistics of ublic education for En land and 
and Wales for the year 1950. HMSO, 1951 9 Cmd. 8244, 205. 
( 1 ) ROBERTS~AUSTEN, \'i. C., in ANON., Reuorts of the examiners on the results 
of the science examinations held in Ma and June 1886. 
London: Eyre and Spottiswoode for HMSO, 1886 , 32. 
(2) MUSGRAVE, P.W., Technical chan e the labour force and education. 
(Oxford, etc.: Pergamon Press, 1967 , 145; 
quoting Board of Education Report 1931, 28. 
(3) ANON., 'A survey of the facilities for metallurgical education in England, 
Scotland and ~vales'. Bull.Instn.Hetallurgists, vol.2, no.5 
(March 1950), 14-25 
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Figure 3.1. Ordinary and higher national certificates in metallurgy 
awarded in England and Wales, 1946 - 1953. The first 
ONC examinations were held in 1946, with those for HNC 
following in 1947. 
(DUNNING, J., 'An appraisal of national certificate 
courses in metallurgy, on Tees-side 1957-1963t. 
M.Ed. thesis, Univ.Durham (1967), vol.2, 213.) 
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Table 3.2. The more imuortant technical schools in 1922-23 
recognised by the Board of Education as offering evening-class 
tuition in 'metallurgy' in England and ·~-/ales. 
Location 
Birmingham 
Burnley 
Camborne, 
Cornwall 
Dudley 
Horwich,Lancs. 
Huddersfield 
Leeds 
Liverpool 
London 
London 
Manchester 
Middlesbrough 
Plymouth 
Sheffield 
Smethwick 
Swansea 
Wednesbury 
\'iol verhampton 
BOARD OF EDUCATION, 
Institution 
Hunicipal Technical School 
Municipal Technical School 
Railway Mechanics' Institute 
Technical College 
The Central Technical School 
Central Hunicipal Technical School 
Chelsea Polytechnic 
Herold's Institute, Bermondsey 
Municipal College of Techno~ 
High School for Boys 
Plymouth and Devenport Municipal 
Technical Schools 
Department of Applied Science, 
the University 
Nunicipal Technical School 
Technical College 
County Technical College 
County Technical College 
Evening classes 
offered 
metallurgy; 
iron and steel 
iron and steel; 
metal trades 
metallurgy 
metallurgy 
metallurgy 
metallurgy 
iron and steel; 
metal trades 
sheet metal work; 
plumbing 
metallurgy 
metal work 
metallll!l'gy; 
iron and steel 
metallurgy; 
iron and steel 
metal plate work; 
boilermaking; 
plumbing 
metallurgy; 
iron and steel 
metallurgy 
metallurgy; 
iron and steel; 
metallurgy; 
metal work 
metallurgy 
of the more important schools and of the schools 
of art reco ised b the Board of Education under the re ulations for 
technical, BMSO, 1925 , ·1-39; 69-74. 1 List 111 '. 
( ~ ) 
A quarter-century earlier, an impression of the institutions providing 
formal metallurgical evening-class instruction is obtainable from a survey 
published in 1925, Table 3.2. For some reason the Sir John Cass Institute 
and several other London colleges do not appear on the list. As it is 
doubtful whether 'metal work' is really pertinent to the present survey, 
for the early 1920s the number of institutions offering suitable tuition 
could be taken to lie between fifteen and eightee~. 
Several years later, c.1930, another Board of Education publication 
advised that outside the university sector 'the more important centres for 
instruction' in metallurgy were seven, this time including Sir John Cass, 
Table 3.3. At the same time there were said to be nearly thirty other 
institutions which offered instruction. 
Table 3.3, 'Important centres' for metallurgical 
instruction outside the university sector c.1930. 
Location 
Birmingham 
London 
Manchester 
Middlesbrough 
Sheffield 
Swansea 
Wednesbury 
Institution 
Central Technical College 
Sir John Cass iechnical Institute 
College of Technology 
Constantine Technical College 
Applied Science Department of the University 
Technical College 
Technical College 
BOARD OF EDUCATION, Report of H.M. inspectors on the provision 
of instruction in applied chemistry in technical schools 
and colleges in England and Wales. 
(HMSO, 1931), 20. 
Board of Education, educational pamphlet no. 85 
At the institutions, the equipment and other facilities varied ;ridely, 
from virtually nothing, through several levels of mediocrity and absence of 
up-to-date apparatus, to a small number of adequately equipped and laid-out 
premises. Around 1930 more than 1400 part-time and evening students attended 
( 49 ) 
metallurgy classes which were associated with the broad subject area of 
'applied chemistry'. Of these, over 1000 were pursuing 'grouped courses' 
involving a number of subjects, with classes planned to extend over three or 
even five years, while nearly 400 others were entered for 'subjects' rather 
than courses. Of these latter, 170 students were said to be enrolled at 
Sheffield for 'lectures in rolling and forging, steel melting, steel and 
refractories, and the production of iron and steel, provided ••• for adult 
workers'. (4 ) 
Twenty years later, at the end of the period 1851 - 1950, it seems that 
the equivalent numbers attending metallurgy classes had risen by between three-
and four-fold, Table 3.4. It appears that in 1950 there were 4942 students 
enrolled for 322 'mainstream' metallurgy classes: an average of fifteen 
students for each class. An additional 1081 enrolments were registered for 
'single-subject', or 'craft', classes in manufacture of iron, steel, and 
non-ferrous metals. Together, these numbers amounted to 6023 students 
spread among 368 classes. A further 2694 were enrolled for classes connected 
with foundry work, and another 2635 attended tuition in electrometallurgy, 
goldsmithing and dental mechanics, together making 5239 in these fringe areas. 
At the same time in the engineering sector, including welding, 63 467 students 
were on the books, while chemistry claimed the attention of 31 550. 
In gauging the e~tent of instruction in 1950, one difficulty is to know 
how far to extend the boundary, from primary metallurgical classes outwards 
through fringe areas in which the metallurgical content, though minor, was 
significant. From the figures available it may be concluded that in evening 
classes around 15 000 people were exposed to appreciable metallurgical 
instruction in some form or other, while 6000 were enrolled at classes 
primarily devoted to an aspect of metallurgy. Compared with the evening-class 
entries of more than three million recorded for the year, the figure of 6000 
only amounts to 0.2 per cent., yet clearly it represents a substantial advance 
compared with the situation that prevailed a century earlier, when virtually 
no classes whatsoever existed. 
(4) BOARD OF provision of 
( 50 ) 
Table 3.4. Officially-registered evening classes and students 
in 1950 in England and Wales 
Subject area Number of Number of class entries 
classes other than in 
registered engineering engineering 
metallurgy (general) 313 4772 
metallurgy (non-ferrous) 
--L _11Q. 
322 4942 
iron and steel manufacture 38 996 
non-ferrous metals manufacture_§_ _..§.5. 
368 6023 
fhundry practice 106 1375 
pattern making and moulding 90 1319 
electrochemistry and 32 464 
electrometallurgy 
goldsmiths' and silversmith's 
work 9 316 
dental mechanics' work 
..129. .1§.5.2 
694 11 352 
welding 823 12 507 
miscellaneous engineering 
and metal trades 98 777 
metal plate work 283 4 288 
machine-shop practice 1499 25 008 
mechanical engineering 973 19 887 
63 467 
chemistry 1750 31 550 
Based on HINISTRY OF EDUCATION, Education 1900-1950. The report of 
the Ministry of Education and the statistics of public 
education for En land and Wales for the ear 1 0 •. 
IITviSO, 1951 , Cmd. 8244, Table 38, 188-195. 
( 51 ) 
During the 1850s, stimulated by the lead given by the Government School 
of Mines in London, attempts were made to establish similar institutions in 
other parts of Britain, but for another thirty years few were successfule 
In Newcastle-upon-Tyne a 'mining and manufacturing' college was proposed, 
while in Cornwall a similar development was mooted for Truro. (S) These 
schemes did not come to fruition at the time but in Truro, under the auspices 
of the Royal Institution of Cornwall, a course of 'practical instruction in 
metallurgic chemistry' was advertised to commence in January 1859, and it is 
possible that equivalent classes of an elementary nature were offered even 
before this in the mining districts of the Duchy. Subsequently Cornish 
opportunities for instruction in metallurgy increased as 'schools of mines' 
were created, although after about 1910 only that at Camborne remained active. 
At Bristol, a Nining and Trade School opened in 1856, and in the next 
few years offered laboratory practice as part of its courses: according to 
the 1860 syllabus this consisted of chemical analysis and mineral assaying. (6 ) 
At the Bristol school a course of twenty-two lectures advertised for the first 
half of 1859 included,among a variety on mining topics, a single one on 
'smelting ores'. (7 ) In due course the school became absorbed in the 
:i·lerchant Venturers' College, started in 1894; in this institution some 
metallurgy must have been taught as an incidental to engineering courses, 
and in 1949 it was the only centre in the south-west of England to provide 
instruction for the ONC in metallurgy. At this later date, complementary 
tuition in the south-west region was offered by the North Gloucestershire 
Technical College in Cheltenham, with a course of metallurgy as an endorsement 
subject in the HNC in mechanical engineering. (8 ) 
(5) COUCH, R.Q. and others, 'Proposed school of mines and of science 
applied to the arts'. (Truro, 17 Oct. 1853). 
Notice in possession of Geological Museum, Londono 
(6) ANON., 'The School of !·lines, Bristol. Course of lectures for the 
first part of the session of 1860. 1 (Bristol, 17 March 1860)e 
Printed notice in possession of Geological r-Iuseum, London. 
(7) lu"fON., 'Bristol Hining School. Course of lectures•. 
(Bristol, 11 Jan. 1858). Printed notice in possession of 
Geological Museum, London. 
(8) Survey (1950), 19. 
( 52 ) 
In neighbouring South Wales, at Neath in 1857 there was an unsuccessful 
commercial attempt to found a co.llege 'to complete the instruction of young 
men in the practical application of the sciences to various pursuits'; in 
its more-optimistic moments, this institution advertised prospective courses 
which included 'mining and metallic manufactures'. ( 9) Although in the 
1860s the view was aired that it would be desirable for South l"iales to possess 
an institution for technical instruction, nothing materialised until after 1880. 
Then, and during the succeeding 70. years, substantial progress was made. so 
that by 1949 metallurgical courses in Wales, leading either to certificates 
of the City and Guilds of London Institute or to ONCs, were available at 
Llanelly, Neath, Newport, Crumlin, Swansea Technical College, and Shotton 
in North Wales.C 1o) 
Turning to the I·Iidlands, it seems clear that here, as in other parts 
of Britain, opportunities to obtain organised technical instruction of any 
kind were few and far between, at any rate for the first three decades after 
1851. Institutes providing elementary general tuition were opened in 
connexion with ironworks at Coalbrookdale and Broseley in Shropshire in the 
1860s, and at Butterley near the Derbyshire-Nottinghamshire border in 1869. 
Birmingham was the earliest centre for developments in metallurgical instruction; 
when the Birmingham and Hidland Institute of Industrial Education opened in 
1853, metallurgy was clearly specified as one of the subjects to be included 
in its school of industrial science. It is unlikely, however, that any 
appreciable amount of information directly relating to the subject was 
obtainable for the first twenty-five years. The institute's impact upon the 
'artisans 1 for whom it l-Ias supposed to be intended was not great, and until 
1880 any students who aspired to advanced courses had to look for them 
elsewhere; after that date the Mason Science College in Birmingham provided 
classes in 'pure' science and mathematics. Meanwhile, in 1875, at the 
(9) ANON., 'Gnoll College, to be incorporated as the Western University 
of Great Britain ••• '. 
Advertisement, dated from Gnoll College, Vale of Neath, 
Sep. 1857. 
Unidentified newspaper clipping in possession of Geological 
Museum, London. 
( 1 0) Survey ( 1 950) , 17. 
( 53 ) 
Birmingham and Hidland Institute attempts were made to establish metallurgy 
classes, but the poor response apparently led to their abandonment after 
~ . 111) 
about three years' tr1al. However, in 1881-82 practical metallurgy, 
presumably intended to prepare candidates for the examinations of the Science 
and Art Department, was taught to six students in makeshift premises by one of 
the institute's full-time staff, Arthur Hiorns, recently described as 'the 
first designated lecturer in metallurgy outside London'. ( 12 ) Shortly 
afterwards, new buildings were made available to the Hidland Institute and 
these housed a school of metallurgy which was officially inaugurated in 
September 1885 and occupied three basement rooms, one equipped as a 
laboratory suitable for twenty-three students. In 1891, together with other 
classes administered by the Midland Institute, the school of metallurgy was 
transferred to the city authority, and a few years later it was incorporated 
in the Birmingham Municipal Technical School. Here, during the first half 
of the twentieth century, evening-class tuition continued to be provided at 
elementary and intermediate levels, while at advanced level students >vere 
prepared for the external degrees of London University. 
In Birmingham the other important developments in technical education 
occurred at the Mason Science College, founded in 1875. In 1 883 there was 
appointed a demonstrator in chemistry, Thomas Turner, ~1; three years later, 
when Turner was promoted to 'an independent lectureship' of the department of 
chemistry, formal instruction in metallurgy began. ( 13 ) Sixty years onwards, 
in 1949, in the area of ~he West Midlands Advisory Council there were no less 
than seven technical colleges providing instruction for a total of some 600 
students for ONCs in metallurgy. Besides the Central Technical College in 
Birmingham these institutions included technical colleges in Coventr,y, 
Smethwick, Wolverhampton, and Stoke-on-Trent. At the same date HNC courses 
(11) ANON., 'A pioneer of metallurgical education' (G.H. Kenrick). 
Metal Treatment, vol.33, no.247 (Apr.1966), 149; quoting 
WATERHOUSE, R., The Birmin ham and Midland Institute 18 
(Birmingham: the Institute, 1954 , 80. 
(12) NICHOLSON, O.P., The ori ·ns and histo of metallur at Aston 
1881 - 1981. Birmingham: Univ. Of Aston, 1981 , 2. 
' 
(13) TURNER, T., 'University of Birmingham'. Contribution to CARPENTER,H.C.H., 
'Metallurgical education of university rank 
P c 1st EmPire i'hni Metall. Con non-ferrous 
metallurgy. London, 1925 , 56-57. 
Hereafter referred to as 'Carpenter (~924)'. 
( 54 ) 
were available at the Central Technical College, in Wolverhampton, and at 
Rugby Technical College, while Institution of Metallurgists' qualifications 
were the object of courses at CoveDtry and Wednesbury. All the technical 
colleges in the area offered metallurgy as an endorsement subject for the HNC 
in mechanical engineering.( 14 ) At Wolverhampton a National Foundry College 
was in existence, and a Foundry Craftsmanship Training Centre was opened 
in West Bromwich. ( 15 ) I1etallurgically, the West Midlands region was the 
most active in Britain. 
In Greater London, evening metallurgy classes were available during 
the second half of the nineteenth century at the Royal School of Hines and 
at King's College. They were begun at Woolwich Arsenal around 1880, and 
after 1 901 they were offered at three different places, Chelsea Polytechnic, 
the Northampton Institute, and the Sir John Cass Institute. After 1940 the 
metallurgical work at Chelsea was transferred to the Battersea Polytechnic, 
which in 1949 accounted for sixteen of the region's eighteen students for IDTC 
in metallurgy, as well as thirty of the 58 candidates for City and Guilds' 
qualifications. (16 ) At the same date Northampton Polytechnic had twenty 
students preparing for City and Guilds' examinations. 
Elsewhere, in the geographical context of England south of i•Ianchester, 
in 1949 courses in foundry practice were held at North Bedfordshire College 
of Further Education and at Ipswich School of Technology. Metallurgy for 
HNCs in mechanical engineering was available at Swindon Technical College, 
Oxford Technical College, and University College Southampton, while courses 
for lower standards of qualifications were provided in No~cich, Ipswich, 
Chelmsford, Luton, Slough and Portsmouth. ( 17 ) In the East Nidlands region, 
where there were nineteen technical colleges, metallurgy was taught in ten, 
(14) Survey (1950), 20. 
(15) O'NEILL, Hugh, 'Metallurgical education in Great Britain'. 
Bull.Instn.Metallurgists, vol.2, no.2 (~~y 1949), 19=20. 
(16) Survey (1950), 24. 
(17) Survey (1950), 18-19. 
( 55 ) 
but only in the case of five were the courses intended to lead directly to 
ONCs in this subject: at Chesterfield, Corby, Derby, Nottingham and Scunthorpeo 
I-Iore-advanced courses were offered at Chesterfield, Loughborough and 
Nottingham.( 18) 
In Manchester, the historic Mechanics' Institution of 1824 was re-cast 
soon after 1880 into the Technical School, with specialised courses of 
instruction for day students in applied chemistry, engineering, and the 
textile industries. ( 19) Evening metallurgical tuition was offered in 1886, 
a 'full day course' bei~ introduced ten years later within the department 
of applied chemistry.( 20 In 1906 the then Manchester Municipal College of 
Technology became a constituent college of the University of Manchester, 
which itself had grown from the Owen's College founded in 1851 • Here there 
is evidence that 'some lectures on metallurgical subjects' were given before 
1886, at which date a chair of chemistrJ and metallurgy was filled; some 
time afterwards, a lecturer in metallurgy and fuel was apfointed, and in 
1906 the lectureship was translated into a professorship. 21 ) Although 
at advanced levels the University of hanchester and the .l•Ianchester College of 
Technology continued to provide metallurgical. instruction leading to B.Sc. 
degrees, and the latter also offered three-year part-time diplomas, at 
lower levels the study of the subject did not flourish in the district to the 
same extent that it did around Birmingham or in the East I1Ldlands. In 1949, 
in the North-west region, metallurgy was taught only as part of the scheme 
for ONCs in engineering, at colleges in Barrow-in-Furness, Accrington, Bolton, 
Crewe, Oldham and Preston. (22 ) 
East of the Pennines, it has to be stated of Sheffield that, despite 
attempts made to set up a technical school in the town in 1862, and again in 
(18) Survey (1950), 21. 
(19) REYNOLDS, J.H., •The origins and development of technical education 
in the City of ¥~nchester'. 
Old Owensian Jrnl., vol.2, no.1 (Nay 1924), 9. 
(20) RHEAD, E.L., 'Municipal College of Tec~ology, Hanchester'. 
A section of Carpenter (1924), 67. 
(21) THOifllSON, F.C., 'The metallurgical department of the University of 
.1-Ianchester'. Bull.Instn.Metallurrists, vol.2, no.6 (May 1950),17, 
(22) Survey (1950), 22-23. 
( 56 ) 
the early 1870s, the district's first successful formal metallurgical instruction 
seems to have been contained in classes held at the Technical School in the 
session 1884-85, just after the founding of 'chairs of metallurgy and 
engineering in connexion with Firth College' .( 23 ) In some respects, 
however, the Technical School in Sheffield remained distinct from Firth 
College, and it was administered by a separate committee. (24 ) lihen in 1889 
W.H. Greenwood, the original professor of metallurgy with engineering, was 
succeeded in the chair of metallurgy by J.O. Arnold, the new teacher 
'delivered his first lecture to a single student'; or so he later claimed. (25 ) 
In the Sheffield district as a whole, by 1949 technical colleges in Sheffield 
and Rotherham provided courses for the ONC and HNC in metallurgy, while 
further northwards courses for the ONC were offered at Leeds, Scunthorpe and 
l'Iiddlesbrough, ~'l'i th courses leading to HNC available at the Constantine 
Technical College in 1>1iddlesbrough. In Doncaster, a general metallurgical 
'd d f . ( 26 ) course was prov~ e or en~neers. 
In the iron town of Ii!iddlesbrough, where the mechanics' institute had 
been started in 1844, classes in chemistry were held in 1861, and twenty 
years later, around 1880, new chemical laboratories were approved by the 
inspector of the Science and Art Department.( 27 ) Soon the high-school 
authorities took an increasing proportion of the evening-class work from the 
institute. However, further development was slow, so that not until 1929 
were the evening technical classes transferred to new premises, which were 
formally opened the following year as the Constantine Technical College; 
'metallurgy and science' comprised one of the original departments. By 
1949 the college offered metallurgical instruction for the City and Guilds' 
examinations, for the ONC and HNC, and for the external degree of the 
University of London. 
(23) ANON., Souvenir of the ••• new ••• laboratories (at Sheffield 
University). (Sheffield: the University, 1905), 7. 
(24) 
(25) 
(26) 
(27) 
Copy in possession of Nr. K.C. Barraclough. 
THO~I.AS, D.H., 'The development of technical education in England 
1851-1889 ••• •. Ph.D. thesis, Econ.Hist., Univ.London, (1940), 
70; 71-72. 
All~OLD, J.O., in discussion of JENKINS, H.C., 'The equipment of 
laboratories for advanced teaching and resear9h in th~ mineral 
industries'. Trans.Ins~.Min.Metall., vol.13 \1903-04), 306. 
Survey (1950), 21-22. 
BUTTER\VORTH, H., 'The development of technical education in Hiddlesbrough, 
1844-1903'. Durham Research Rev., vol. 3, pt.2 (Sep.1960), 29. 
( 57 ) 
To the north, in Newcastle-upon-Tyne, the College of Physical Science 
opened in 1871 as a venture to provide regular classes in science. At that 
time the college could claim that its only English precedents were the Owen's 
College in ~~chester and several colleges in London, for instance, King's 
College in the Strand. On the western outskirts of Newcastle-upon-Tyne at 
Elswick, around 1880 'special instruction in the metallurgy of iron and steel' 
was obtainable at a class organised by the industrialist Sir William Armstrong. (28 
Not for some years, however, was metallurgy included in the curriculum at the 
Newcastle college, although in 1889 it was stated that 'chemistry, including 
some branches of technical chemistry and metallurgy, mineralogy, geology' 
were among the subjects taught. There were in addition in the 'technical 
department' classes in plumbing 'associated with the Worshipful Company of 
Plumbers of the City of London'. (29 ) The principal's report for 1889 
commented on the need for 'a department of metallurgy', stating that( 30) 
'The provision in this country for the efficient teaching of this 
subject is extremely limited, and it is believed that a well 
equipped r•1etallurgical Laboratory would be of great service to 
the district.' 
The first metallurgy lecture course was instituted in 1891 as a part of 
chemistry tuition at the college;( 31 ) the following year it was stated that 
'Complete courses of instruction are provided for ••• metallurgists and 
chemical manufacturers•.( 32 ) Meanwhile instruction in various subjects at 
elementary levels was provided at the Rutherford Technical College, which 
(28) HUXLEY, T.H., as witness before the Technical Instruction Commission, 
Oct. 1882. Brit.Parl.Papers (1884), (31), item 3005; 
reproduced by RUSSELL, C.A. and GOODMAN, D.C. (eds.) in Science 
and the rise of technology since 1800. (Open Univ.Press, 1972),154. 
(29) ANON., Princi al's re ort on ei hteenth session 188 , (at Durham 
College of Science, Newcastle-upon-Tyne • Newcastle-upon=Tyne: 
Andrew Reid, no date), 1. 
(30) ANON., Principal's report ••• , op.cit., 5e 
(31) MArdELL, D., personal communication, 1980. 
(32) MERIVALE, J.H., 'The education of mining engineers'. 
Trans.Instn.r1in.Engrs,, vol.5 ( 1892-93), 628. 
( 58 ) 
sprang from the Science and Art School opened in 1877, extended in 1885, and 
removed to fresh buildings on a new site in the early 1890so Some 55 years 
later, in 1949, the Rutherford Technical College in Newcastle was in process 
of being equipped to offer an ONC course in metallurgy. At the same date, 
over on the west coast of Cumbria, such a course was already available at 
the Cumberland Technical College in Workington. (33 ) 
Northwards, across the border in Scotland, immediately following his 
appointment in 1884 to the chair of chemistry at the College of Science and 
Arts in Glasgow, A.H. Sexton, ARSM, 'added metallurgy and mineralogy to the 
subjects taught 1 .(34) Shortly afterwards, on the formation of the Glasgow 
and West of Scotland Technical College from earlier components which included 
both the College of Science and the Andersonian University, Sexton ~ecame 
head of a new department of metallurgy and mineralogy. In 1894 the college 
diploma was given in subjects which included metallurgy. Later, in addition 
to the classes aimed at metallurgical qualifications, instruction in the 
subject was offered to students of chemistry, mining, and mechanical 
engineering. 
To the north-east, in Edinburgh, in 1882-83 limited instruction in 
metallurgical topics was included in the chemistry syllabus of the '•latt 
Institution and School of Arts.( 35 ) Twenty years later the Calendar 
recorded the success of one student, Alexander Gray, in obtaining a First 
Class Pass in advanced metallurgy in the 'Science and Art and City and Guilds 
of London Institute Examinations, 1903'. (36 ) For the session 1912-13 students 
of mining at the college received a course of lectures on 'elementar) 
metallurgical chemistry', as well as instruction in assaying and, (37 ten 
years after..rards, for the first time courses in metallurgy became listed among 
the day classes. Although subsequently metallurgical tuition continued to 
(33) Survey (1950), 23. 
(34) SEXTON, A.H., The first technical college. 
(London: Chapman and Hall, 1894), 114-115o 
(35) ANDERSON, Ao, personal communication, 1980; quoting Calendar, 
1882-83, 106. 
(36) ANDERSON, A.' personal communication, 1980; quoting Calendar, 
1903-04, 296. 
(37) AJillERSON, A., personal communication, 1980; quoting Calendar, 
1912-13, 86. 
(59) 
be provided in the Heriot-Watt College, the subject remained a subordinate 
one within the department of chemistry, and appeared as one of the six branches 
of applied chemistry in which students might specialise in the last year of 
the four-year diploma course. (38 ) In Scotland at the end of the 1940s, 
metallurgical instruction for the ONC and HNC was offered in the technical 
colleges at Coatbridge and Paisley, and at the Royal Technical College in 
Glasgow. At Heriot-Watt College, metallurgy appeared as an endorsement 
subject for the HNC in engineering. In Aberdeen, the subject formed a minor 
portion of engineering degree and diploma courses. 
So far, this survey of facilities for formal metallurgical instruction 
has concentrated on levels extending up to HNC. In addition to these, it 
is necessary to consider what was available at more 'advanced' levels. It 
is to be noted that, in general, during the progress of the hundred-year 
period academic standards became higher as the rubject, and the surrounding 
society, developed; thus standards that before 1901 were regarded as 
satisfactory for 'degree level' are unlikely in 1950 to have proved acceptable 
for such qualifications. In contrast with the 1850s, when the numbers 
successfully completing the Associateship course in metallurgy at the London 
School of Hines could be counted on one hand, by the late 1920s and in the 
1930s full-time degree-level metallurgy students in Britain numbered perhaps 
100 at any one time, with a gradua~ion rate of between ten and twenty-two a 
year; after 1945 the numbers increased substantially to more than 75 a 
year in the period 1947-49, Figure 3.2. Thus there was a four-fold increase 
between 1930 and 1950; during the latter 1950s the number graduating was to 
increase further to reach 185 in 1961-62. In the 1930s metallurgy graduates 
accounted for less than one-half per cent. of all British honours graduates 
and about three per cent. of the corresponding numbers graduating in chemistry 
and engineering together. In the years around 1950 however, the proportion 
of metallurgy graduates rose to about one per cent. of all honours graduates, 
(38) Survey (1950), 16. 
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Figure 3o2o Honours degrees in metallurgy awarded in England and 
Wales in the years 1928 - 1960. 
(UNIVERSITY GRANTS COMIHTTEE, Returns from universities 
and university colleges in receipt of treasury grant ••• 
for appropriate years. These returns do not provide 
information for years before 1928, or for the period 
between 1938 and 1948.) 
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and to about eight per cent. of the chemistry and engineering total. (39 ) 
By 1851, courses in both mechanical engineering and technical chemistry 
had become established in Britain at the highest academic levels then 
recognised, and during subsequent decades these proliferated and expanded to 
a greater extent than did metallurgy courses. Even at the end of the period 
under review, there were to be found universities and technical colleges in which 
'metallurgy' was regarded only as a subordinate section within a department 
of chemistry or engineering. 
In most instances, the courses of advanced tuition grew from earlier 
elementary classes. These preceding courses were provided at a number of 
regional centres and a high proportion seem to have been formed during the 
last two decades of the nineteenth century. Thus, in Sheffield the Technical 
School offered metallurgical instruction from 1884; in Birmingham a metallurgicaJ 
lectureship was attached to the department of chemistry in the ~~son Science 
College in 1886, while at about the same time the Hidland Institute in the 
city started a 'school of metallurgy'. Also in 1886 a chair of metallur~J 
with mineralogy was created at the Glasgow and West of Scotland Technical 
College. Five years later, in Newcastle-upon-Tyne a metallurgical laboratory 
was built, (4o) and lectures in metallurgy, as part of the chemistrJ course, 
were instituted at the Durham College of Science in the city. 
The metallurgical classes available in the university departments and 
their equivalents were reviewed on severai occasions: in 1892, 1924, 1937, 
1940 and 1948. Even so, it is not easy to present a detailed, comprehensive 
picture of the instruction given, the qualifications achieved, and the 
numbers attending, although it can be stated with fair certainty when 
instruction in metallurgy was first offered at the various institutions, 
when the first metallurgical teaching staff were appointed, and when 
'professorships' were established. Such information has been put on record 
by Carpenter (1924) and O'Neill (1948). (41 ) Beyond that, however, and 
(39) UNIVERSITY GRANTS COI~~ITTEE, Returns from universities and universit 
colle es in recei t of treasu rant ••• various years). 
BMSO, publication date one year after end of session 
to which report refers.) 
(40) Carpenter (1924), 61. 
(41) Carpenter (1924), 43-79; 
O'NEILL, Hugh, 'University metallurgical training in Britain' 
Bull.Instn.Metallurgists, no.6 (Sep.1948), 22-29. 
( 61 ) 
particularly in the earlier years, there is uncertainty about the precise 
dates when students first enrolled for the courses, and when qualifications 
in metallurgy equivalent in standard to B.Sc. degrees were awarded. Not 
until after about 1895 did it become possible for a degree to be obtained 
for studies which included a fair proportion of metallurgy. Information 
is summarised in Table 3.5, and presented diagramatically in Figure 3.3. 
A survey published in 1892 lists as the four places which then offered 
'advanced instruction' in metallurgy: the Royal School of Mines in London, 
Sheffield Technical School, Camborne School of Mines in Cornwall, and the 
Durham College of Science in Newcastle-upon-Tyne. (42 ) The Associateship 
of the Royal School of Mines, awarded for satisfactory completion of the 
day-time courses at the school, was commonly regarded as a qualification 
equivalent in standard to the B. Sc. degree. In 1880 there were eleven 
Associateships in metallurgy alone, with a further three awarded in both 
metallurgy and mining. (43 ) A decade later there were fifteen Associatesbips 
in metallurgy. (44 ) At the Sheffield Technical School, Associateship diplomas 
were first bestowed in 1893, when one day student secured the 'blue ribbon' 
in company with two evening-class students. During the first four years 
of the Associateship course, 1893-1896, a total of six day students and 
. (45) three evening students passed the final examJ.nation; by 1905, twenty 
day students and nineteen evening ones had gained the Associateship. (46 ) 
Even allowing for the fact that the 1892 list's compiler, the professor of 
mining at the Durham College in Newcastle-upon-Tyne, was likely to be 
(42) 
(43) 
(44) 
(45) 
(46) 
HERIVALE, J .H., 'The education of mining engineers 1 • 
Trans.Instn.Min.Engrs., vol.5 (1892-93), 626-630. 
ANON., 1I2n, vol.16 (16 July 1880), 61. 
ANON., 'Technical education at, ,the Royal College of Science, 
South Kensington'. ~he Engineer (10 Feb. 1893), 115. 
ARNOLD, J .0. in discussion of REDMAYNE, R.A.S., •·l'he mining department 
of the University of Birmingham'. 
Trans.Instn.Min.Engrs., vol.28 (1904-05), 506. 
ARNOLD, J.O., 'The department of iron and steel metallurgy at the 
University of Sheffield'. 
Jrnl.Iron Steel Inst., vol.58' (1905), no.2, 14. 
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Figure 3.3. Courses in metallurgy associated with university degreesp 
1851 - 1950. Period of definite metallurgy instruction 
shown by open bars; period of first degrees indicated 
by solid bars. · 
(62) 
Table 3.5. British institutions in the period 1851-1950 which offered 
advanced qualifications in metallurgy, with their dates of incePtion. 
Name of Institution Year in which 
regular 
instruction 
in metallurgy 
was first 
offered 
London, Royal School of !>lines 
(Government School of Mines 
until 1863; part of Imperial 
College from 1907) 
London, King's College 
London, the University 
1851 
1879 
Sheffield Technical School 1884 
(later University of Sheffield) 
Birmingham, Hasan College 1886 
(later University of Birmingham) 
Glasgow, 'ifest of Scotland 1886 
Technical College 
(later Royal Technical College) 
Year in which 
qualifications 
in metallurgy 
equivalent in 
standard to 
B.Sc. degree 
became 
available 
1851 
? 
c .1910 
1905 
1902 
Remarks 
Associateships 
awarded to day students. 
Common examinations 
with University of 
London from 1926 for 
B.Sc.(Eng) degree 
Department closed in 
1919 on retirement 
of professor of 
metallurgy 
London University's 
examinations for 
'external' as well as 
'internal' candidates 
provided a qualifying 
avenue for people 
from all parts of 
Britain, and abroad 
Associateships first 
aw·arded 1893 on 
result of three-year 
course 
·,~.'he Birmingham and 
l>!idland Institute 
also provided 
regular instruction 
from c. 1885 
? Diplomas awarded from 
1894; later 
Associateship of Royal 
Technical College,ARTC. 
Affiliation with 
University of Glasgow 
in 1913; aw·ard of B.Sco 
degree 1915 
/continued ••• 
Name of Institution 
Glasgow, the University 
Newcastle-upon-Tyne, 
Durham College of Science 
(later King's Colleget 
University of Durham} 
Cardiff, University College 
(constituent college of 
University of Wales) 
( 63 ) 
Year in which 
regular 
instruction 
offered 
1899 
1891-92 
1894 
Nanchester, Owen's College 1886 ? 
(later University of Manchester) 
Hanchester, I-iunicipal 
Technical College 
Leeds, the University 
Cambridge, the University 
Swansea, University College 
(constituent college of 
University of Wales) 
Liverpool, the University 
Oxford, the University 
Nottingham, the University 
c.1886 
1907 
1908 
1920 ? 
1907 ? 
c.1938 
1949 
Jear in which 
• • • B .Sc. 
degree ••• 
available 
1915 
1894 
(in chemist17 
department) 
1898 
1906 
1906 
1908 
1938 
1920 
1920 
after 1950 
after 1950 
Remarks 
Hetallurgical 
lectureship in 
department of chemistry 
lapsed c.1930 
First B.Sc. 
1897 
First B.Sc. graduate 
in metallurgy, 1903 
Post-graduate research 
more important than 
undergraduate courses 
until 1919 
Affiliated to Universitj 
of .1'Ianchester; 
B.Sc.(Tech.) of 
University awarded 
Joint fuel-metallurgy 
degrees and diplomas 
Research work done 
since 1888. Readership 
established 1908 
B.Eng. in metallurgy 
awarded 
Lecturer appointed 
in 1949 
Based on O'NEILL, Hugh, 'University metallurgical training in Britain'. 
Bull.Instn.Netallurgists, no.6 (Sep. 1948), 23-26. 
Comment on University of Hanchester from THOMPSON, F. C. , 'The metallurgical 
department of the University of I~anchester'. 
Bull.Instn.I1etallurgists, vol.2, no.6 (Nay 1950), 18. 
( 64 ) 
prejudiced, the exclusion of the colleges in Birmingham and Glasgow may 
be taken as evidence that the amount of metallurgical activity pursued 
in them was relatively smallo However, only two years later, in 1894, 
it was stated of Glasgow that among other subjects the college diploma 
was given in metallurgy. (47 ) In the neighbouring University of Glasgow, 
a lectureship in metallurgical chemistry was instituted in 1899. 
At the Camborne School of Mines, throughout the first half of the 
twentieth century metallurgical instruction remained an integral, although 
minor, part of the courses for the mining Associateship; those of the 
school's students who sought the award of B.Sc. degrees had to sit 
separate examinations as 'external' students. The Camborne School is 
not considered further here. 
In Newcastle-upon-Tyne in 1894 a three-year course, with a high 
metallurgical content, was established for the degree of B.Sc. (Durham). 
Moreover, one student, George Plunkett Chaplin, graduated B.Sc. in 1897 
with honours in metallurgy, but he seems to have been singular. In those 
years the subject of metallurgy lay within the chemist~ department: 
it was transferred in 1901 to the mining department, (48 under whose 
direction it was to stay for more than thirty years. In 1913, at a time 
when there were similar moves elsewhere, for example at the Royal School 
of Mines, to establish higher standards by extending undergraduate courses 
from three to four years from matriculation, at Newcastle a four-year 
course for the honours degree was instituted) the first three years being 
identical with those for the pass degree. (49 
In the early 1890s there were thus only four institutions accepted 
as providing 'advanced' instruction. However, during the closing years 
of the nineteenth century another regional centre to lay the foundations 
for advanced academic qualifications was Cardiff, where the University 
College opened in 1894; four years later metallurgy 'was adopted by the 
(47) SEXTON, A .. Humboldt, op.cit., 99a 
(48) r-1AX\'1ELL, D., personal communication, 1980. 
(49) S~~. J.A., 'Armstrong College, Newcastle-upon-Tyne. University 
of Durham'. Contribution to Carpenter (1924), 61. 
( 65 ) 
University of Wales as one of the final courses qualifying for the B.Sc. 
degree'e A student who completed this course in 1903 was later claimed 
to be 'the first graduate' in British metallurgical education, (5o) although 
clearly G.P. Chaplin with his Durham degree of 1897 would seem to be equally 
worthy of this distinction. At Cardiff, besides the award of the 
B.Sc.(Wales), a College Diploma in metallurgy was available; metallurgical 
instruction was also given to students of mechanical engineering and mining. 
In the first decade of the new century there were further substantial 
developments. The ~~son College became part of the University of Birmingham 
in 1900, a chair of metallurgy being created two years later; in 1905 
Sheffield University College, which had been formed in 1897 by fusion of 
the Technical School, Firth College, and other elements, became an 
independent university. In the following year a department of metallurgy 
was created in the University of ~~chester, while at the same date the 
Manchester Hunicipal College of Technology, with its department of 
metallurgy, became a constituent college of the university. ( 51 ) Thus, 
within the short space of half-a-dozen years, the number of institutions 
able to award degrees or equivalent diplomas in metallurgy increased by 
three. By 1910 the University of Leeds had added metallur~J to its list 
of subjects in which instruction was available, although in this case 
tuition came under the direction of the Livesey Professor of Coal Gas and 
Fuel Industries with !-Ietallurgy, and fuel comprised a major portion of the 
course. A University Diploma in fuel and metallurgy could be bestowed on 
candidates who did not satisfy the requirements for the B.Sc. degree. 
Not until 1 920 was a full-time lecturer in metallurgy appointed, and a 
professorship in the subject did not materialise until after 1950, although 
from 1933 there was a readership. (52) 
Another academic development in the opening decade of the present 
century was the establishment, in 1908, of a readership in metallurgy 
in the University of Cambridge where, for twenty years previously, research 
(50) READ, A.A., 'University College,cordiff. University of ~vales'. 
Contribution to Carpenter (1924), 63. 
(51) RHEAD, E.L., 'I•Iunicipal College of Technology, Nanchester'. 
Contribution to Carpenter (1924), 67. 
(52) O'NEILL, Hugh, op.cit., (1948), 25. 
( 66 ) 
on some aspects of the subject had been carried out at Sidney Sussex 
College by two dedicated individuals, C.T. Haycock and F.H. Neville. 
Unlike most other university departments of metallurgy, the Cambridge 
endeavour began with post-graduate woik. The prospects for research 
training and for obtaining the higher degrees of M.Sc. and Ph.D. proved 
so attractive that fresh accommodation was provided in 1912 and arain in 
1920, by which date there was said to be room for sixteen people. 53 ) 
Metallurgy was offered as a portion of the examinable topics for the B.A. 
degree thirty years after the readership had been created, in 1938; this was 
extended in 1942 to Part 1 of the Natural Science Tripos. (54 ) Xeanwhile 
in 1932 the original readership was translated into a professorship. 
After 1940, and more particularly after 1950, the department of metallurgy 
in the University of Cambridge was to become one of the leading places 
for academic instruction in the subject. 
Reverting to the years closer to the beginning of the century, in 
Glasgow the Royal Technical College, as the Glasgow and West of Scotland 
Technical College had been re-named, offered four-year courses in 
metallurgy for the college's Associateship and Diploma. In 1913 the college 
became affiliated to the university, aad in 1915 the qualification of 
B.Sc. in applied chemistry was instituted for the benefit of students at 
both establishments. ( 5S) Henceforward, students at the Royal Technical 
College could sit common examinations for both the Associateship and the 
B.Sc. The university's lectureship in metallurgical chemistry seems to 
have lapsed c.1930. 
After the Glasgow consolidation around 1915, the next developments 
to take place were the introduction in 1920 of degree courses at the new 
University College of Swansea, and in Liverpool. At Swansea it was 
claimed that, by 1924, eighteen men had already graduated from the 
department of metallurgy: (56 ) such relatively-large numbers must have 
(53) HEYCOCK, C.T., 'Goldsmiths' r.-Ietallurgical Laboratory, Cambridge'. 
Contribution to Carpenter (1924), 72. 
(54) AUSTIN, G. Wesley, 'Department of metallurgy at the University 
of Cambridge'. I•Ietal Treatment, (.May 1954), 215. 
(55) O'NEILL, Hugh, op.cit. (1948), 24. 
(56) EDWARDS, C .A. , '11etallurgical department of the University College 
of Swansea'. Contribution to Carpemter (1924), 79. 
( 67 ) 
been substantially aided by the post-war bulge. In Liverpool the 
University College had opened in 1882, and in its first year 'process 
metallurgy (including iron and steel) was taught in courses offered by the 
department of chemistry'. In subsequent years, metallurgical tuition 
continued to be given, and in 1907 it was extended to the faculty of 
engineering where a lecturer was made responsbile for it. (57) At the 
University of Liverpool in 1920 a four-year course for B. Eng. in metallurgy 
was made available: besides this, metallurgy was offered as a special 
subject for final-year honours students of chemistry, and instruction 
(58) in certain aspects was given to all candidates in dental surgery. 
These two new metallurgical courses of 1920 brought to eleven the 
number of British academic departments which offered the subject at degree 
level. At the Royal School of Mines, students who satisfactorily 
completed the course did not obtain a degree: those who wished to add 
a B.Sc. degree to their Associateship had to enter for separate 
examinations of the University of London. Around 1920 about one-half of 
the students did this, but it was remarked by Sir Thomas Holland, rector 
of the Imperial College of which the Royal School of Mines was a part, 
that (59 ) 
the two examinations were not in step. The London degree 
was no stiffer, but the subjects were taken in a different 
order, and consequently students who attempted both 
qualifications were handicapping themselves by confusion ... 
By c.1925 arrangements had been arrived at whereby students sat only one 
set of examinations to qualify for both the school's Associateship and the 
London University's B.Sc. degree in the faculty of engineering. This 
latter qualification was also sought by a steady stream of 'external' 
candidates. 
(57) 
(58) 
(59) 
KENNETT, S.J., A history of the department of metallurgy and materials 
science Universi of Liver ool 1 20-1 0. 
Liverpool: the University, 1970 , 
BANNISTER, C.O., 'Hetallurgy department{ Liverpool University'. 
Contribution to Carpenter (19,24), 75. 
HOLLAND, Sir Thomas, in discussion of Carpenter (1924), 86. 
( 68 ) 
Besides London, theUniversity of Liverpool placed metallurgy within 
the faculty of engineering, but most other universities awarded metallurgy 
degrees in the faculty of science or applied science, while in the 
Municipal College of Technology in Manchester examinations led to Pass B.Sc. 
(Tech) in applied chemistry.( 6o) The other exception was the University 
of Sheffield where, from 1917, the subject was regarded as sufficiently 
important to stand in a faculty of its own, and the qualifications awarded 
were B.Het. and, for higher degrees, M.Met. and D.Net., as well as Ph.D.( 61 ) 
The first Sheffield Ph.D. in metallurgy was awarded in 1923. 
The thirty-year period up to 1920 seems to have been the time of 
most intense activity in the starting of metallurgy courses associated 
with university departments: during the following thirty years, although 
there was considerable consolidation, the number of new developments in 
this field was relatively small. At Sheffield University in 1934 a new 
course was inaugurated for a degree in foundry work, the only one in 
Britain. At Cambridge, as already remarked, examinations in metallurgy 
for parts of the Tripes were instituted in 1938. In the University of 
Oxford, research by a lone worker, Dr. W. Hume-Rothery, was conducted 
within the chemistrJ school from 1 926, and lectures were given by him to 
the school, particularly after 1938; metallography 'was officially 
recognised as a supplementary subject in the final honour school of natural 
science' in 1949, while a few years later metallurgy was to be included 
in final-year examinations, so establishing the subject in the university. (62 ) 
At the University of Nottingham a lecturer in metallurgy was appointed in 
1949 and a separate department headed by a professor was to be formed 
during the 1950s. These developments took place nearly three-quarters 
of a century after the first introduction of academic staff to teach 
the subject, for in 1881 Frank Clowes was appointed 'professor of chemistry 
and metallurgy' at the University College, a post he retained until 1897, 
(60) THQr.filSON, F.C., 'Hetallurgical education in the Victoria University 
of Hanchester'. Contribution to Carpenter (1924), 65. 
(61) Carpenter (1924), 48. 
(62) ANON., 'Metallurgy at Oxford'. The Metallurgist, vol. 1 ., 
no.4 (July 1960), 138. 
( 69 ) 
although for the period 1887-1890 he was also the college's first 
principal.(63 ) -
In Birmingham, during the second half of the 1940s, the University's 
department of metallurgy was divided into two streams: industrial 
metallurgy, and physical and theoretical metallurgy, with a total of four 
professors between them. The institution was thus equipped to enter the 
second half of the twentieth century with two alternative courses, 
intended to cater for a wider range of students' needs, and to greater 
depth, than would otherwise have been possible. 
The organised classes of instruction reviewed above represent only 
one way, although certainly the most important, by which metallurgical 
information might be acquired by individuals. Contributions to the 
dissemination of information also came from the meetings of appropriate 
groups: besides the aural communications taking place at the meetings, 
and the valuable personal contacts made, many groups sponsored the 
production of written records which formed useful sources. Two bodies 
germane to metallurgists had been started before 1851, the Institution 
of Civil Engineers and the Institution of Mechanical Engineers. Several 
relevant societies came into being, and developed, during the period 
1851 - 1950. Only one or two years after 1851 there was formed in 
Newcastle-upon-Tyne the North of England Institute of Mining Engineers, 
and subsequently the example of this body was followed in other parts, 
so that by 1890 there were in existence societies involving mining, 
iron-making and engineering in the various localities in which these 
activities were important. On a national basis, the Iron and Steel 
Institute was formed in 1869, and for the next 105 years it played an 
important part in furthering international knowledge of technical aspects 
of the industry. In 1892 came the start of the Institution of Mining and 
!•Ietallurgy while, reflecting the growing use of metals and the extension 
of alloys, in 1908 there was founded another national society, the 
( 70 ) 
Institute of Netals which, by the end of the 1940s ,, had local sections 
operating in several regions, such as that around Birmingham. In 
Manchester a metallurgical society was founded in 1919, (64 ) and in 
Sheffield there was a local metallurgical and engineering society. A 
national Institute of British Foundrymen was formed in 1904 to cater for 
the interests of that branch of industry. In 1946 there came into 
existence the Institution of Metallurgists, a professional body which 
tried to enahnce the interests of its members and paid particular 
attention to standards, seeking to improve metallurgical 'education'. 
One other group which, despite its brief life, deserves mention is the 
Inter-Varsity Conference of Metallurgical Students: this was active from 
c. 1 925 to 1 930. 
In response to two main forces, market demand and increasing knowledge, 
a gro1ring volume of metallurgical literature was created. Contributions 
to this body came from three directions: from the printed Proceedings 
and other publications of societies; from commercial periodical 
publications; and from textbooks. Asfar as the periodical publications 
of societies are concerned, the Minutes of Proceedings of the Institution 
of Civil Engineers and the Proceedings of the Institution of Hechanical 
Engineers both sporadically provided material of metallurgical significance. 
For example, there were accounts of the dressing of ores in Cornwall, of 
the treatment of complex ores and condensation of lead fumes, of the 
construction of Bessemer steel-making converters, and of the Scottish 
works of the British Aluminium Company. In addition, in the years after 
1891 the Institution of Mechanical Engineers was responsible for producing 
a series of volumes dealing with research into alloys. Similarly, the 
Proceedings of the Society of Chemical Industry, entitled Chemistry and 
Industry, contained information on metallurgical plant and processes. 
Specifically in the metallurgical field, the Journal of the Iron and 
Steel Institute was published regularly from 1869 to 1974, while that of 
the Institute of Metals appeared from 1909; the first issue of the Institution 
of J:iletallurgists' Bulletin was produced in 1946. 
( 64) ANON., 'The I'Ianchester f'Ietallurgical Society's golden jubilee 1 • 
f'letals Haterials, (Dec. 1969), 469-470. 
( 71 ) 
The products of learned societies and technical gatherings >.;ere 
supplemented by commercial publications, such as The Iron and Coal Trades 
Review, started in 1869, and still appearing, albeit under a different 
title, in 1982. In similar fashion, although not devoted exclusively to 
metallurgical endeavours, several other periodicals contained significant 
proportions of metallurgical items, for instance: The Ivlining Journal, 
published in London throughout the period; Engineering, started in 1866, 
and The Engineer, begun ten years before; The Mining and Smelting Hagazine, 
which unfortunately had only a brief life of less than three years in the 
1860s; and Iron, a continuation from 1873 of The Hechanics' Hagazine , 
which had first appeared in 1823. For fifteen years betl'leen 1925 and 1 941 
The Engineer published a monthly supplement entitled The Hetallurrist • 
From the western side of the Atlantic Ocean originated commercial periodicals 
such as Engineering and Mining Journal and, later, Metal Progress. 
Among the titles of periodicals which dealt specifically with metallurgy 
were: The .tv~tallographist, produced in Boston Massachusetts from 1898 
until 1906, and distinctive in being concerned with the structures of metals 
and alloys rather than with their production details; The Hetal Industry, 
founded in 1909 and published in London; Metallurgia, originating in 
Hanchester in 1929; and Hetal Treatment, which began publication in 1935 .. 
Printed textbooks were produced, and by the early years of the present 
century provided comprehensive accounts of the methods used for extracting 
the various metals from their ores, and the equipment involved in the 
treatments. Thus, the decade of the 1860s saw the publication of a number 
of relevant books: J.H. Pepper's Playbook of metals appeared in 1861, (65 ) 
as did The useful metals and their alloys. (66 ) Within the next two or 
three years came Dr. John Percy's several volumes which made up an 
' (67) encyclopedic account of Hetallurgy ••• , and at mu<h the same time 
(65) 
(66) 
(67) 
PEPPER, J.H., The playbook of metals. 
(London: Routledge, Warne, 1861). 
SCOFFERN, J. TRURAN, W. and others, The useful metals and their 
alloys. (London: Roulston apd Wright, 1861). 
PERCY, John, Metallur ••• fuel fire-cla s 
(London: John Murray, 1861 ; 
Metallur ••• iron and steel 
(London: John Murray, 1864 • 
ner • • • • 
( 72 ) 
George Ha.kin's A manual of metallurgy. (68 ) Before 1870 there were 
published The mining and metallurgy of gold and silver, (69 ) A treatise 
on the metallurgy of i:ron ••• , ( 70 and Hanufacture of iron and steel. ( 71 ) 
These 1-rere shortly followed by Metals: their pronerties and treatment, (72 ) 
A practical treatise on the art of extracting metals from their ores, (73 ) 
another Manual of metallurgy by a di£ferent author, (74 ) and I.L. Bell's 
Chemical phenomena of iron smelting:( 75 ) this last book had the rare 
distinction of being 1-rritten by a practising and successful ironmaster. 
Around 1890 there were issued: An introduction to the study of 
metallurgy, by w.c. Robarts-Austen, frofessor at the Royal School of Mines 
in London as successor to Dr. Percy, 76 ) and the Beringer brothers' 
Text-book of assaying ••• ;(77) while from the USA came Modern copper 
smelting, (78 ) and The metallurgy of steel, by H.M. Howe.(79) 
(68) ~UKINS, George H., A manual of metallurgy. 
(London, 1862, 1st edn.) 
(69) PHILLIPS, John A., The mining and metallurgy of gold and silver. 
(London, 1867) 
(70) BAUERMAN, of iron •••• 
(71) KOHN, F., ~~nu£acture of iron and steel. 
(Glasgow and London: Hackenzie, 1869). 
(72) 
(73) 
(74) 
(75) 
(76) 
(77) 
(78) 
(79) 
BLOXAM, Charles Loudon, Metals: their ro erties and treatment. 
(London: Longmans, 1870 • Text-books of science • 
PHILLIPS, J. Arthur and BAUERMAN, H., A practical treatise on the 
art o£ extracti metals from their ores. 
London: Charles Gri£fin, c.1874, 1st edn.) 
GREENWOOD, 1'/.H., A manual of metallurgy, 2 vols. 
(London and Glasgow: William Collins, 1873, 1st edn.). 
BELL, Isaac Lowthian, Chemical phenomena of iron smelting. 
(London: Routledge, 1872). 
ROBERTS-AUSTEN, W.C., An introduction to the study of metallurav. 
(London: Charles Gri£fin, 1890-91, 1st edn.) 
BERINGER, C. and BERINGER, John Jacob, A text-book of assaying, 
for the use of those connected with mines •••• 
(London: Charles Griffin, 1889). 
PETERS, Edward Do, Hodern copper smelting. 
(New York and London: The Scientific Publ.Co., 1887, 1st edn.) 
HOWE, Henry Harion, The metallurgy of steel. 
(New York and London: The Scientific Publ.Co., 1890). 
(73) 
In the early years of the new centurJ the scope was widened: there 
appeared a three-volume woi.k on Metallurgical calculations, (so) as well 
as more books that confined themselves to one or two metals, such as 
The metallurgy of lead and silver, (s1) Production and proPerties of zinc~82 ) 
Hydrometallurgy of silver, (83 ) filetallurgy of steel, (s4) and 
The metallurgy of gold.C85) 
Five of the titles noted above were published in the USA, and from 
about 1890 that country became an important source of relevant books written 
in English. Just before the turn of the century, a major Continental 
text appeared in an English version: this was Dr. Carl Schnabel's 
Handbook of metallurgy, w·hich was translated by Henry Louis, professor of 
mini~ and lecturer on metallurgy at Armstrong College, Newcastle-upon-
(86) Tyne. Rebert-Austen's successor as professor of metallurgy at the 
Royal School of Mines, William Gowland, produced a book, The metallurgy 
of the non-ferrous metals, in 1914, (s7) tvhile his successor in turn, 
(80) 
(81) 
(82) 
(83) 
(84) 
(85) 
(86) 
(87) 
RICHARDS, Joseph,U., Hetallurgical calculations, 3 parts. 
(New Yoi.k and London: HcGraw-Hill Book Co., 1st edn. 
1906 (pt.1), 1907 (pt.2), 1908 (pt.3) ). 
COLLINS, Henry Francis, T.he metallurgy of lead and silver, 2 vols. 
(London: Charles Griffin, 1899). 
INGALLS, Walter Renton, Production and properties of zinc. 
(New Yoi.k and London: 'l'he Engineering and Hining Journal, 
1st edn. 1902). 
HOFMANN, Ottakar, Hydrometallurgy of silver •••• 
(New York and London: Hill Publ.Co., 1907). 
HARBORD, Frank '\'/., The metallurgy of steel • • • with a section on the 
mechanical treatment of steel b J.W. Hall •••• 
London: Charles Griffin, 1st edn. 1904 • 
ROSE, T. Kirke, The metallurgy of gold. 
(London: Charles Griffin, 1st edn. c.1912). 
SCHNABEL, Carl, (transl. by) LOUIS, H., Handbook of metallurgy, 
2 vols. (London: l·lacmillan & Co., 1st edn. 1898). 
GOWLAND, ~lilliam, The metallur of the non-ferrous metals. 
(London: Charles Griffin, 1st edn. 1914 • 
( 74 ) 
H.C.H. Carpenter, was co-author of a massive two-volume w·ork simply 
entitled Hetals, which appeared in 1939. (88 ) The )rofessor of mining 
at the school wrote a Te~t-book of ore dressing, (89 which was published 
in 1923 and competed with the earlier American work by R.H. Richards. (go) 
( 91 ) Besides being responsible for The I-Ietallurgy of iron and steel ••• , 
Thomas Turner, professor of metallurgy in the University of Birmingham, 
. (92) 
also produced a book on Pract~cal metallurgy •.. • An early example 
of collaborative writing came from South Africa in 1912 in the form of 
a Text-book of Rand metallurgical practice, (g3 ) while fourteen years 
later a joint effort in the USA resulted in the Handbook of non-ferrous 
metallurgy. (94) 
During the twentieth century there was, on the whole, a marked 
decline in the production of new books devoted to details of the 
extraction of metals from their ores; instead there began to appear 
(88) 
(89) 
(go) 
( 91) 
(92) 
(93) 
(94) 
CARPENTER, H.C.H., and ROBERTSON, J.M., Hetals, 2 vols. 
(London: Oxford Univ.Press, 1939). 
TRUSCOTT, S.J., A text-book of ore dressing. 
(London: Hacmillan, 1923) 
RICHARDS, Robert Hallowell, Ore dressing, 4 vols. 
(New York and London: Engineering and .Nining Journal, 1909); 
(with others), A textbook of ore dressing. 
(New York and London:McGraw-Hill 1909). 
TURNER, Thomas, The metallurgy of iron and steel ••• , 2 vols. 
(London: Charles Griffin, 1st edn. 1895, 5th edn. 1918). 
TURNER, Thomas, Practical metallur~: an introductorv course for 
eneral students ••• with illustrations. 
London: Charles Griffin, 1st edn.1908, 2nd edn. 1919). 
STOKES, Ralph and others, A text-book of Rand metallurgical 
nractice, 2 vols. 
ZLondon: Charles Griffin, 1st edn. 1912). 
LIDDELL, Donald M. (editor in chief), Handbook of nonferrous 
metallurgy, 2 vols. 
(~Tew York and London: Il'lcGraw-Hill, 1st edn.1926). 
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books which were concerned 1rith the properties and behaviour of metals. 
An early example in this category is C.H. Desch's Hetallographt •.. , 
first published in 1910, and reaching its 6th edition by 1944. 95) 
During the 1920s this was joined by a laboratory handbook, Practical 
microscouical metallography, (96 ) produced by research staff at the 
Royal Arsenal in Woolwich, while Carpenter and Robertson's f:Ietals 
continued this trend. Even more remote from metal production were 
the books of Dr. W. Hume-Rothery, such as ~e metallic state of 1931, ( 97 ) 
The structure of metals and alloys of 1936, 98 ) and Atomic theory for 
students of metallurgy, published in 1947;( 99 ) these were indicative 
of the direction that academic metallurgical studies were to take in the 
1950s and 1960s. 
I1any of the books produced during the hundred-year period, and 
especially those concerned vdth metals' production, were entirely 
descriptive, although Robarts-Austen's work An introduction to the study 
of metallurgy adopted an analytical approach that has a curiously-modem 
ring to it. Finally, it is appropriate to mention one twentieth-century 
book which successfully reached a comparatively-popular market: this 
(95) 
(96) 
(97) 
(98) 
(99) 
DESCH, C. H. , Hetallography • • • • (London: Longmans, Green~ 
1st edn. 1910). (Text-books of physical chemistrJ)• 
GREAVES, R.H. and l,·TRIGHTON, H., Practical microscopical 
metallography. (London: Chapman and Hall, 1st edn. 1924). 
HUVJ.E-ROTHERY, ''lilliam, The metallic state. Electrical 
properties and theories. (Oxford: Clarendon Press, 1931). 
mmE-ROTHERY, 11lilliam, The structure of metals and alloys. 
(London: Institute of Netals, 1936). 
(Inst .. of J!Ietals monograph and report series, no.1). 
Hm·1E-ROTHERY, \'lilliam, Atomic thea for students of metallur 
(London: Institute of Metals, 1947 • 
(Inst. of Metals monograph and report series, no.2). 
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was Metals in the service of man, by Arthur Street and William Alexander, 
which was first published by Penguin Books in 1944, and was to run into 
many editionso ( 100) 
From all of the above it may be concluded that means for instruction 
in metallurgy grew many-fold during the hundred years 1851 - 1950. 
Organised classes multiplied: in the 1850s there were few op9ortunities 
for formal tuition in technical subjects of any kind, but by 1950 
metallurgical instruction was available at more than twenty technical 
colleges situated in different parts of the country and the examination 
goals were the ONC, HNC, and City and Guilds' qualifications. As many as 
6000 students of the subject at some level were enrolled in more than 350 
classes, while others received instruction during courses in engineering, 
foundry i<Tork and chemistry. Compared with the single 1 advanced 1 day-time 
class offered at the Government School of Hines in 1851, and the average 
of about one student a year who successfully completed the course between 
1851 and 1868,6°1) by the end of the 1940s there were some 200 students 
reading for B.Sc. degree in metallurgy or their equivalent; ten British 
universities bestowed such degrees, and full-time undergraduate courses 
leading to these awards were provided at thirteen or fourteen colleges, 
with part-time instruction given at another half dozen. At the same time, 
during the hundred-year period the op9ortunities for obtaining ~etallurgical 
information from technical meetings and from the printed word increased 
greatly. 
Despite the extent of these advances it could be argued that the 
provisions for metallurgical instruction in 1950 were still inadequate. 
During the next fifteen years of the twentieth century opportunities were 
to continue to increase. 
(100) STREET, Arthur and ALEXANDER, l:lilliam, r!etals in the service 
of man. (Harmondsworth, Mddx.: Penguin Books, 1st edn.1944). 
(Pelican Book A125). 
(101) YOUNG, J., 'On the education of the mining engineer'. 
Trans .N .England Inst .Min .Hech.Engrs., val. 21 ( 1871-72), 28-29. 
(77) 
CHAPrER 4 
GOVERNMENTAL INFLUENCE THROUGH ITS EDUCATION OFFICE 
At the opening of the century 1851 - 1950 the British Government's 
administrative machinery for education was the Privy Council Committee on 
Education which had been created in 1839 to regulate elementary schooling. 
In the period from 1856 to 1899 this function was performed by the 
Education Department. Between 1899 and 1945 involvement was continued 
through the Board of Education, while re-arrangement once more led in 1945 
to a Department of Education, this time headed by a minister for education. 
Governmental financial participation in education had first materialised 
in 1833, when grants of £20 000 were made to voluntary societies to help 
their efforts at elementary schooling. (1 ) At that time there. was no 
branch of Government apparatus charged solely with the task of promoting 
education. Two years later, in 1835, a Select Committee under the chairmanship 
of William Ewart, MP, had been charged with considering how best a knowledge 
of the arts and the principles of design might be fostered for industrial 
purposes. Resulting from a recommendation by this committee the first 
'school of design' was formed in 1836 with the help of £1500 from Government 9 
opening in rooms in Somerset House, London, the following year, and 
representing the earliest instance of State aid for education other than 
elementary. In 1840 the first school inspectors were appointed. (2) In 
the same year the foundation and maintenance of further schools of design 
was helped by the establishment of a Department of Practical Art, for which 
Government granted £10 000 a year. By 1851, the sum allocated for this 
( 1) ARGLES, Hichael, South Kensington to Robbins an account of English 
technical and scientific education since 18 1. 
London: Longmans, 1964 , 5. 
Herafter referred to as 'ARGLES (1964)'. 
(2) ARGLES (1964), 6. 
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purpose had increased to £15 000, (3) and schools were in existence in 
more than twenty provincial towns; at Sheffield, for instance, one had 
been opened in 1843. (4 ) However, the Department of Practical Art was 
controlled by the Board of Trade, and was therefore completely independent 
of the Committee on Education. In 1851, the annual parliamentary grant 
for education had increased to £164 000, ( 5) and in the same year the 
Committee of Council on Education gave its first aid for evening classes 
devoted to adult elementary instruction.( 6) 
The seminal year 1851, marking the beginning of the second half of 
the nineteenth century, also saw, on 6 November, the official opening in 
London of the Government School of Mines and of Science applied to the Arts. 
Despite its significance as the first institution for 'higher education' 
into which Government funds were injected, the school at its inception was 
not controlled by the Committee on Education but, instead, had come into 
being as ~art of the Office of Woods and Forests. The foundation of the 
school is therefore not considered in any detail here, but will be 
described in the subsequent chapter devoted to Governmental influences 
other than those effected directly through the medium of the education 
office. Suffice it to say that in 1854 the School of Mines, together 
with the other portions of the Geological Survey and Museum, found 
themselves transferred to the newly-formed Department of Science and Art. (7 ) 
In the field of technical instruction the Science and Art Department was 
to be the chief vehicle for Government aid throughout the second half of 
the nineteenth century, with significant influence upon the development 
of metallurgical classes. Resulting from an inquiry in 1852, the 
department was established in March 1853 as an extension of the Department 
of Art founded thirteen years before. Like the School of Mines, the 
(3) 
(4) 
(5) 
(6) 
(7) 
MILLIS, C • T. , 
ARGLES, ( 1964), 
ARGLES ( 1 964) , 
Technical education its develo ment and aims. 
London: Edward Arnold, 1925 , 26. 
8. 
6; quoting BARTLEY, G.C.T., The schools for the 
people, (1871), 49. 
ARGLES (1964), 9. 
BAILEY, Sir Edward, Geological Survey of Great Britain. 
(London: r•lurby, 1 952) , 49. 
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Science and Art Department was not at first under the Committee on 
Education, being instead the responsibility of the Board of Tradeo 
However, within four years it was transferred in its turn to the nel'l 
Department of Education. The objects of the Science and Art Department 
were 'to extend a system of encouragement to local institutions for 
Practical Science, similar to that already commenced in the Department 
of Art ••• on an enlarged scale'. (8 ) The institutions which the 1852 
Board of Trade inquiry expected would come under the department's control 
are listed in Table 4.1, together with their estimated yearly costs which 
amounted to just under £4.0 000. 
One of the commissioners for the Exhibition of 1851, Henry Cole 
(b.1808-d.1882), had been made secretary of the Department of Practical 
Art in 1852, and in the following year he became the senior of the two 
joint secretaries of the new enlarged department, ~charge of art, while 
the other joint secretary, responsible for science and with a salary of 
£1000, was another 1851 commissioner, Lyon Playfair (b.1818-d.1898). (g) 
Shortly afterwards, no less than twelve science schools were opened 
as joint ventures of the Science and Art Department and interested bodies 
in the localities concerned, the schools being situated at 'Aberdeen, 
Birmingham, Bristol, Barking, Leeds, Newcastle-upon-Tyne, Poplar (a 
trade school in connexion with the navigation school), Stoke-on-Trent, 
St. Thomas' Charterhouse (in London), Truro, Wigan and Wandsworth.' 
However, by 1859 'with the excpetion of the navigation schools', only at 
four places were science classes under the department still active, with 
a total of 395 pupils in attendance: Aberdeen, Birmingham, Bristol and 
Wigan. (1o) During the period from 1853 to 1859 financial aid to science 
classes amounted to only £898. ( 11 ) 
(8) REEKS, Register of the associates and old students 
histo of the Ro al School of Mines. 
London: RSM Association, 2nd edn. 1920 , 66o 
( 9) REEKS, r.Iargaret, op.ci t., 66ffo 
(10) MILLIS, C.T., op.citL, 27. 
(11) ARGLES (1964), 19; ~uoting BARTLEY, G.C.T., The Schools for the 
people_. \1871), 128. 
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Table 4.1. Institutions proposed to be put under control 
of the Science and Art Department, 1853 
I n s t i t u t i o n Estimated Annual Cost 
£. s. d. 
The Government School of Mines and of 
Science Applied to the Arts 800 0 0 
The Museum of Practical Geology 5 272 0 0 
The Geology Survey 5 500 0 0 
I' he Huseum of Irish Industry 3 346 6 0 
The Royal Dublin Society 6 340 15 0 
The Department of Practical Art, 
including the Provincial Schools of Design 17 920 0 0 
39 181 0 
(i.e. £.39 181 .05) 
REEKS, Iilargaret, Register of the associates and old students ••• 
and histor of the Ro 1 School of ~lines. 
London: RSN Association, 2nd edn. 1920 , 66. 
By 1859 there had been two further significant developments: a State 
education department had been formed, and the decision had been made to 
establish a system of grants in aid of Science and Art Classes for the 
whole country. The Education Department was constituted by Order in 
Council in 1856, under the lord president of the privy council (a member 
of the House of Lords) and the vice-president (in the Commons) of the 
Committee of Council on Education. To this new department in 1857 the 
Science and Art Depar~ent was transferred from the Board of Trade. Henry 
Cole became permanent secretary of the Education Departmento In practice 
the department's work soon came to be regarded as comprising two components, 
the main department in i,~hi tehall which was concerned with elementary 
education, and the Science and Art Departme~t in South Kensington vrhich 
( 81 ) 
continued its former r~s~nsibaities for instruction in the topics 
. 1' •t . 't t'tl \ 12 ) ~p ~c~ ~n ~ s ~ e. 
In 1859 J.F.D. Donnelly (b.1834-d.1902) was appointed to the Science 
and Art Department as inspector for science, and subsequently he exerted 
considerable influence on the national development of artistic and 
scientific instruction. Fifteen years after his first appointment he 
was given the title of director of science, becoming controller of the 
Royal School of Mines, the Royal College of Chemistry, the Royal College 
~ 1 3) 
of Art, and the Royal College of Science for Ireland. After 1880 
Donnelly bevame secretary of the Science and Art Department. 
The year 1859 also marked the beginning of the era of grants to 
encourage classes in certain aspects of science and art; with the period 
is linked the idea of 'payment on results' of examination which, 
especially in more recent years, has been the object of adverse criticism. 
It was decided to 'assist the industrial classes ••• in supplying 
themselves 1rith instruction in the rudiments of geometry, mechanical 
drawing, building construction, physics, chemistry, and natural history'. ( 14 ) 
To this end the Science and Art Department organised an examination 
system from 1860 onwards, and augmented the salaries of approved teachers 
preparing classes of candidates by paying them sums of £1 or more, 
depending upon the level, for each student who successfully passed one 
of the examinations. Every subject was subdivided into three stages: 
elementary, advanced, and honours. The sums of money distributed on this 
basis increased with the years: £2666 in 1862, £25 000 in 1872, £73 000 
in 1886, and £158 000 in 1896. (15 ) Similarly, the numbers under 
instruction in the various classes grew: from a total of 500 in 1860, to 
36 000 in 1872;( 16 ) but not all were necessarily examination candidateso 
( 1 2) HILLIS, C • T. , op. cit. , 27. 
(13) REEKS, Margaret, on.cit.i 127. 
(14) ARGLES (1964), 20; quoting SCIENCE AND ART DEPAR~~~~' Sixth rePort 6 (1859). 'Payment~ results' was the phrase used in some, 
at least, of the official publications of the Science and 
Art Department, e.g. the Extract from the science directory 
revised to .June 1885 • • • , (London, 1885), iii; 3; 17. 
Similarly, it was used by C.T. MILLIS, writing in 1925 
after a lifetime spent in further education, e.g. op.cit., 27. 
(15) NILLIS, C.T., loc.cit. 
(16) BECKER, Bernard, Scientific London. (London: H.S. King, 1874), 156; 
~IILLIS, C. T. , op. cit. , 27, gives similar figures. 
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For example, one writer states that in May 1860, 104 candidates sat 
papers, while in 1875 the number was just under 28 000. ( 17 ) Problems 
of detail apart, the general trends are unequivocal. 
The estimates of expenditure for the Science and Art Department in 
the financial year April 1874 to ~~rch 1875, excluding the vote for the 
Geological Survey, called for £f million. Out of this sum, the Royal 
College of Science in Dublin was allocated £6883, the Royal School of 
l'iines and Geological Nuseum in London £8998, and the schools of Science 
and Art £120 11.0. Of this last item, £4.0 500 was required for payments 
to teachers of science, with £17 500 for 'artisans attending night classes', 
£7800 for prizes and £2350 for scholarships. ( 18) 
Gold medallists in the examinations were granted the privilege of 
attending the lecture courses and examinations at the Royal School of 
lt1ines without payment, and in addition the Science and Art Department 
had power to award scholarships and exhibitions to help the best candidates 
to study at the Royal School of Mines for up to three years with a view 
to obtaining the Associateship. Beginning in 1869, by means of short 
courses held at the school, encouragement was also given to science 
teachers, who received aid towards travelling and subsistence while 
attending them. 
Another form of instruction was provided in the Museum of Practical 
Geology, which was closely associated with the Royal School of I•Iines. 
The museum remained open until 10 o'clock on Monday and Saturday evenings, 
and contained displays illustrating such metallurgical topics as the 
occurrence and forms of ores, their treatment to produce metals, and the 
subsequent manufacture of useful articles of commerce. Thus, there was 
exhibited a vein of gold-bearing quartz from California, and a sequence 
showing the extraction of copper from its ore and the forming of an 
elegant copper vase from a disk of the metal. On iron and steel there 
were displayed a wide variety of ores, specimens of pig iron from works 
( 1 7) HUSGRA VE, P. W. , and Art, 
education a reader, 
265; 268. 
(18) BECKER, Bernard, op.cit., 157, 158. 
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in several British localities, models of blast furnaces and blowing 
engines, and numerous examples of products such as screws, springs, 
swords and ornamental castings. There was 'a model of a Sheffield 
steel manufactory, including furnaces, rolling mills, and a forge' 
and, by 1874, another model which represented 'the whole apparatus 
employed in making Bessemer steel': one enthusiastic observer at that 
time commented that 'this model alone would repay a visit to the museum'. ( 19 ) 
The lecture theatre of the Huseum of Practical Geology and the Royal 
School of Mines, situated between Piccadilly and Jermyn Street, was the 
scene of the Monday evening lectures for artisans which were delivered 
throughout almost the whole of the second half of the nineteenth century. 
~he lecture theatre apparently had space for 600, and on many occasions 
it was filled. The admission fee to attend a course of six lectures 
was 6d. ~o.02t) and~ at any ra:te in the 1870s, each member of the school's 
staff delivered a course in alternate years. For example, Dr. John Percy, 
in charge of metallurgy, gave a course on 'metals' in the 1873-74 session, 
while there were two other courses delivered by Professor Guthrie on 
'heat' and Professor Huxley on 'natural history'. (20) By all accounts, 
during the third quarter of the nineteenth century, these 'popular' 
evening lectures for artisans were one of the most successful of the 
limited attempts made to provide general scientific instruction. They 
were favourably compared with the evening classes offered by King's 
College, which were considerably more costly. 
By 1862 metallurgy was included among the subjects for which grants 
were paid, and from then until 1889, this was the sole source of public 
money for aiding part-time metallurgical instruction. According to 
P.iv. Husgrave, numbers sitting the examinations in this subject were small, 
particularly in the earlier years: in Table 4.2 are quoted the numbers 
of candidates in selected years between 1870 and 1900 together with the 
numbers of scripts in t~vo earlier years. 
(19) BECKER, Bernard, op.cit., 256-257. 
(20) BECKER, Bernard, op.cit., 184-185. 
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Table 4.2. Numbers sitting Science and Art Department 
Examinations in metallurgy, 1870 - 1900. 
Year Total number Examined, M e t a 1 1 u r g y 
all subjects 
Theory Practical 
(subject 19) (subject 19p) 
(first year 1863)(first )ear 
1883 
1863 2 671 scripts 63 
1866 5 466 II 62 
1870 16 515 candidates 160 
1875 27 985 II 173 
1880 34 678 II 277 
1885 48 497 II 351 126 
1890 83 070 II 514 253 
1895 108 193 II 534 391 
1900 151 279 II 463 370 
IIJ:etallurgy 
as propor-
tion of 
total, 
per cent. 
2.36 
1 • 1 3 
0.97 
0.62 
0.80 
0.98 
0.92 
0.85 
0.55 
1863 figures: SCIENCE AND ART DEPARTMENT, Eleventh report of Science and 
Art Department (for year 1863), (HMSO, 1864), 16; 
1866 figures: SCIENCE AND ART DEPARTMENT, Fourteenth report ••• ; 
all other figures: MUSGRaVE, P.W. (ed.), Sociology, history and 
education a reader, (London: Hethuen, 1970), 268. 
Until after 1880, neither Niddlesbrough nor Sheffield was included 
in the list of places which submitted examination scripts in metallurgy, 
but five years later each of the two towns provided thirty candidates 
in theoretical metallurgy and, in 1890, ten candidates. By 1895, however, 
while for Sheffield the number had risen to 85, for iHddlesbrough it 
had fallen to nil. As far as the practical metallurgy examinations were 
concerned, !·Iiddlesbrough entered twenty canQ.idates in 1885 against 
Sheffield's ten, while five years later both had ten, ~nd five years 
( 85 ) 
later again there were none. (21 ) In his report on the examinations in 
1886, Professor ;tl. C. Ro berts-Austen of the Royal Schoo 1 of IYiines 
observed that( 22 ) 
'The teaching of metallurgy, from the nature of the appliances, 
diagrams, and specimens required, must always be attended 
with difficulty and expense, and the number of candidates 
who present themselves will probably never be large, when 
compared with certain other subjects.' 
In all subjects, the relatively-small numbers who entered for the 
practical courses were commented upon by critics of the system developed 
by the Science and Art Department. 
Items shown at the Paris Exhibition in 1867 served to disturb 
the confidence of British manufacturers. Arising from this unpleasant 
experience, in the following year, just after Disraeli's minority 
Government had come to power, there was set up a ParliamentarJ select 
committee 'to inquire into the provisions for giving instruction in 
theoretical and applied science to the industrial classes'. The chairman 
of this committee was Bernhard Samuelson (b.1820-d.1905), a successful 
maker of agricultural machinery and a practising ironmaster with works 
in Cleveland. Sir Eric Ashby in 1958 commented that( 23 ) 
''rhe report of this Committee is a turning-point in the 
history of technology in Britain, for it set technical education 
on the course that led to twentieth-century industrial 
Britain. 
century. 
... It was a blueprint for the rest of the 
Indeed, it has required nearly three generations 
of committees and the challenge from the continent of two 
wars to persuade the British public to implement all these 
recommendations.' 
(21) MUSGRAVE, P.W., op.cit., 270. 
(22) ROBERTS-AUSTEN, W.C., 'Report in metallurgy', in ANON., 
Reports of the examiners on the results of the science 
examinations held in Ma and June 1886, 
London: Eyre and Spottiswoode for BMSO, 1886), 32. 
(23) ASHBY, 32 in 
( 86 ) 
The committee concluded that the chief obstacles standing in the way 
of a technologically-informed and competitive nation were the wholly-
inadequate provisio.ns for both primary and secondary schooling, coupled 
with the lack of teachers of science.( 24 ) The report implied State support 
for education, and it proposed that science should be introduced widely 
into the school curriculum at all levels. However, Disraeli's Conservative 
Government fell only a few weeks after the report had been ?resented to 
Parliament. 
Two years afterwards, during W.E. Gladstone's first term as Liberal 
prime minister, there was appointed a Royal Commission on Scientific 
Instruction and the Advancement of Science; under the chairmanship of 
William Cavendish, Seventh Duke of Devonshire (b.1808-d.1891), and with 
B. Samuelson serving as a member, this was in being from'1870 to 1875. 
Of the eight reports issued by the Devonshire Commission, the first, among 
other things, was concerned with the future of the Royal School of Mines, 
while the second considered the wider classes in science supported by the 
Science and Art Department. The Duke of Devonshire, chairman of the 
inquiry, was- himself interested in metals by virtue of his financial 
participation in railways and iron and steel at Barrow-in-Furness and 
elsewhere. In the year prior to the establishment of the commission he 
had been elected first president of the new Iron and Steel Institute. In 
their sixth report the commissioners included a much-quoted passage:( 25 ) 
'The omission from a Liberal Education of a great branch of 
Intellectual Culture is of itself a matter for serious regret, 
and, considering the increasing importance of Science to the 
Material Interests of the Country, we cannot but regard its 
almost total exclusion from the training of the upper and middle 
classes as little short of a national Misfortune.' 
Two of the actions recommended to Government in the Eighth renort, 
(24) ARGLES (1964), 26. 
(25) ROYAL COl'o1NISSION ON SCIENTIFIC INSTRUCTION, Sixth report, House 
of Commons, val. XXVIII (1875), (C.1279), 10; quoted by 
HACLEOD, ROY 11., 'Education: scientific and technical', in 
SUTHERLAND, G. and others (eds.), Education government and 
societ in nineteenth-centur Britain, 
Dublin: Irish Univ. Press, 1977 , 209. 
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issued in 1875, were creation of a ministry for science and education, 
and a national laboratory for technical purposes and physics. (26 ) 
Resulting from the commission's reports, the work of the Royal School of 
Mines and the associated Royal College of Chemistry, which had been 
absorbed in the 1850s, became broadened, with the primary emphasis 
shifted to training science teachers. Accompanying this change of aims, 
within the institution there was a corresponding decline in the relative 
importance of metallurgical instruction. In the unsympathetic circumstances 
it is remarkable that 'metallurgy' as a distinct subject for study managed 
to survive into the opening decade of the _present century and to the 
re-organisation of the relevant teaching in South KensiLgton into the 
Imperial College of Science and Technology. 
Of greater significance for present purposes was another Royal 
Commission, this time on technical instruction, which heard evidence in 
the years 1882 and 1883 and reported its findings in 1882-1884. As has 
been pointed out by ~uchael Argles, during the three-year period in which 
this particular Royal Commission was investigating, there were nineteen 
commissions 'in existence at one time or another' so that, 'to the 
Victorians it was just one of many'. (27 ) Argles has also argued that 
because the commission's members were all converts and in the nature of 
'experts', it was a'free-lance enquiry by a small pressure-group 1 ( 2B) 
and it was therefore hardly impartial. The commission's reports made a 
strong case for greater Government involvement in the provision of 
instruction in science and technology, and laid particular stress on the 
need to train foremen and those others who would occupy commanding positions: 
'your Commissioners believe that no portion of the national 
expenditure on education is of greater importance than that employed 
in the scientific culture of the leaders of industry'. ( 29 ) 
(26) HACLEOD, Roy H., 'Education: scientific and technical', in 
SUTHERIJU~, G. and others (eds.), Education government and 
societ in nineteenth-cent Brit~ln, 
Dublin: Irish Univ.Press, 1977 , 210. 
Hereafter referred to as 'MACLEOD (1977)'. 
(27) ARGLES, M., 'The Royal Commission on technical instruction, 1881-4, 
its inception and composition'. Vocat. Aspect, vol.11 (~utumn 
1959), 97. 
(28) ARGLES, M., ou.cit., 98 
(29) ROYAL COHMISSION ON SCIENTIFIC INSTRUCTION, Fourth reuort, House of 
Commons vol. XXII (1874), (C.884), quoted by 
HACLURE, J. Stuart, Educational documents E land and ·;lales 1816 
to the present day, London: l'lethuen, 1973 edn. , 126. 
( 88 ) 
'~ile the work done by the Science and Art Department was acknowledged 
to be of value, several witnesses criticised the remoteness of the links 
between actual industries and the subjects sponsored. 'l'he recurrent 
theme was of unfavourable comparisons between the conditions for educatiol 
in Britain and those abroad. 
In the fourteen months 'between July 1885 and August 1886 there were 
no less than three successive governments' ,(30) and consequently little 
immediate action was taken upon the commission's recommendations. However, 
following the creation in 1888 of new local authorities, the county 
councils and county borough councils, there was passed an Act of great 
significance. This, the Technical Instruction Act of 1889, empowered 
local authorities to raise penny rates (i.e. about £0.004) to produce 
funds for classes in technical subjects and to subsidise science in 
secondary schools. This legislation Opened up possibilities for beginni~g 
classes on a wide scale under the responsibility of the local authorities, 
responsibility for elementary education remaining with the school boards 
which resulted from the Act of 1870. 
In 1891 an extension of the 1889 Act gave local' authorities power to 
provide scholarships to help students with fees and expenses at classes whose 
curricula had been approved by the Department of Science and Art. Stemming 
from the Local Taxation (Customs and Excise) Act of 1890 another and, for 
a number of years considerably larger, source of public funds soon became 
available in the shape of 'residue' grants, either to relieve the local 
rates or to help technical education. In 1892-93 funds from this latter 
source, the so-called 'whisky money', used by local authorities for the 
purpose of technicB.l education, amounted to £4.72 560, while only £12 762 
was raised by means of the penny rate. Seven years later, at the turn of 
the century, the corresponding figures were £836 847 and £106 209.( 31 ) 
Some authorities reacted more readily than others to the opportunity for 
raising local sums for technical education: however, by 1898 all the 
counties and county boroughs in England were making some use of the power 9 
(30) NACLEOD (1977), 213. 
(31) HACLEOD (1977), 215; also ARGLES (1964), 35, quoting 
BALFOUR, Graham, The educational systems of Great Britain 
and Ireland. (Oxford: the Clarendon Press, 2nd edn. 1903), 167. 
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and out of £807 000 available, £740 000 was spent on education. (32 ) At 
the end of 1899 there were 49 English counties and 61 county boroughs, 
making a total of 110 councils eligible to provide technical instructiono 
Ninety-four of these councils, 85 per cent., were said to be applying 
the whole of the residue grants to technical education, while only twenty two, 
or twenty per cent., made grants from the rates. In Wales and Honmouthshire 
the proportion was much higher, with all sixteen councils applying the whole 
of the residue to 'intermediate and technical' education, and thirteen of 
the sixteen, equivalent to 81 per cent., making grants from the rates. ( 33 ) 
In the substantial development of classes that occurred, metallurgy 
occupied only a minor place compared with subjects such as chemistry and 
mining. ':lhile several county councils appointed lecturers in mining for 
their colliery districts, only one appointed a teacher of metallurgy: 
this was North Staffordshire where, during the second half of the 1890s 
Thomas Turner, ARSM, held this position. In 1902 he left on his appointment 
as professor of metallurgy in the newly-chartered University of Birmingham. 
The period 1889 - 1899 was described in a Board of Education report of 
the 1920s as most fruitful for the development of nation-wide provisions 
for technical instruction, the most characteristic feature being 'the 
progress made in the matter of acquiring, improving, building and equipping 
premises for science, art and technology.•( 34 ) 
In the classes sponsored by the Science and Art Department payment on 
attendance became the rule in 1897, although payments continued to be 
added for examination successes at advanced levels. Until 1897 the 
department remained prepared to grant sums of up to £500 to\'Tards the 
equipping of new premises for its science courses. 
Important in the long term were the Government measures taken to 
improve general school education. The Education Act of 1870 attempted to 
(32), ARGLES (1964), 35o 
(33) 
(34) 
BOARD OF EDUCATION, Surve of technical and further education in 
England and Wales. HMSO, 1927 , 14. 
Board of Education, educatio~al pamphlets, no. 49. 
The material appeared originally as part of the annual 
report of the Board of Education for 1924-25. 
Hereafter referred to as 'Education Survey (1927) 1 o 
Education Survey (1927), 12. 
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make elementary education available to all children, although it was some 
years before the:i:'e were sufficient school places to accommodate all those 
eligible. One argument used by •·•r. W .E. Forster when introducing his 
Education Bill to the House of Commons was that if children were unable to 
read and write, they were not likely to obtain much benefit from technical 
instruction aimed at helping Britain co~pete with her industrial neighbours. 
In 1876 an amending Act declared that all parents had the duty of ensuring 
their children between the ages of five and fourteen received instruction 
in 'the three Rs': subsequent legislation was aimed at making sure all 
children received several years' full-time schooling, and in the 1890s 
all fees for elementary education were abolished. At the same time, 
during the 1890s, 'evening continuation schools' were fostered by the 
Department of Education, the grants for these being computed 'upon the hours 
of attendance instead of upon the attainment of individual pupils'. ()5) 
The purpose of these 'schools' was to provide attractive programmes of 
elementary education for those who were at work during the day; to some 
extent, instruction in manual and technical subjects was available in 
these evening classes. 
In 1895 was published the report of a commission which had considered 
'what are the best methods of establishing a well-organised system of 
secondary education in England ••• •. This, the Bryce Commission, 
recommended there should be a central authority for secondary education 
under a minister of education, and moreover that this should also be the 
central authority for elementary education. Under this authority would 
be discharged the functions which, until then, had been carried out by the 
Education Department, the Science and Art Department, and certain aspects 
of the work of the Charity Commission. Taking action on the Bryce Report 
in an effort to bring together and co-ordinate many of the efforts being 
made in the education field by the State, Lord Salisbury's Conservative 
Government created a unified central authority by the Act of 1899, the Board 
of Education. The changes 1-1ere continued by i·lr. A.J. Balfour, the Conservative 
successor to Lord Salisbury, who introduced in the House of Commons the 
Education Act of 1902. By this measure anq the Regulations of the Board 
(35) Education Survey (1927), 11. 
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of Education made in 1904, the reorganisation was substantially completed. 
Although the 'superintendence of matters relating to education' was vested 
in the Board of Education, much of the responsibility for implementing the 
schemes was placed in the hands of local education authorities, that is the 
county councils and county borough councils. In the field of 'higher 
education', expenditure by local education authorities was initially 
limited to a twopenny rate (about £0.008). (36) 
By the administrative reorganisation, the pattern of education in 
England and ~dales was set in a mould that was to persist without 
significant change for another forty years. County secondary schools were 
provided, greater numbers of scholarships were introduced and, from 1913, 
junior technical schools giving full-time day education were established 
and promoted. In 1904 the range of evening-class subjects for iihich 
financial support could be obtainei was widened, while 
year 'grants were offered for courses designed to meet 
requirements of the students by grouped 11 day technical 
in the following 
the technical 
classes" '· (37) 
As far as the new secondary education 1ms concerned,however, 
unfortunately the pattern laid down by the Government followed the lines 
of the existing grammar schools, with technical and even scientific 
instruction accorded definite second-rate status. The name of Robert 
I1orant is closely associated with the formulation of this policy, vThose 
results are reflected in the attitudes that were to endure in Britain 
until long after 1950. Hore positively, regulations published in 1907 
stipulated that one quarter of the places should be free in all grant-aided 
secondary schools, thereby increasing the opportunities for those of 
humble means. In 1911 the consultative committee of the Board of Education 
on examinations in secondary schools published its report, which resulted in 
the creation of the 'school certificate' examinations, first held in 1917. 
Metallurgy was included among the subjects for the certificates in one year, 
but one year only, 1931. (38 ) 
(36) HACLURE, J. Stuart, Education documents E land and .iales 1816 to 
the present day. London: Hethuen, 1973 edn. , 149. 
Hereafter referred to as 'MACLURE (1973)'. 
(37) Zducation Survey (1927), 18. 
(38) I1USGRAVE, P. iv., Tee ical chan e the labour force and education. 
(Oxford, etc.: Pergamon Press, 1967 , 145; 
quoting Board of Education Report, (1931), 28. 
( 92 ) 
During the war of 1914-18, there was set up a departmental committee 
on juvenile education to consider the post-war relationship ;.,ri th employment o 
In its final report, produced in 1917, the committee recommended that the 
school-leaving age for all be raised to fourteen, and that those who did 
not remain full-time students to the age of eighteen should attend part-time 
day-continuation classes. The former of these proposals was incorporated 
in the Education Act of 1918, the Fisher Act, but because of the poor 
national economic climate the idea of compulsory part-time continuation 
schools was abandoned, the exceptional town where such a school was put into 
effect being Rugby. (39 ) 
The examination system started in 1859 by the branch of the Education 
Department kn01fn as the Science and Art Department continued in use after 
1901, although grants on examination results were ended in 1906. In 1911 
the examinations at elementary standard were abandoned, ostensibly for the 
reasons that they led to the study of single subjects in isolation instead 
of the 'grouped courses' which had come into favour, and 'they no longer 
served any purpose that would not be as well served by local examinations'. 
Board of Education policy was then to encourage local schools to formulate 
for its approval schemes involving largely-internal assessment of courses 
requiring two or three years of study with class attendance on three 
nights weekly. (4o) However, the response from district institutions was 
poor, even 1-1hen, during the war of 1914-18, the examinations at advanced 
level were similarly withdravrn, so leaving many part-time students with no 
chance to obtain qualifying certificates. 
To serve its ends, in 1920 the Board of Education requested that in 
England and \'lales the lower-grade examination in iron-and-st3el manufacture 
of the City and Guilds 1 Institute be. dropped, to encourage local colleges 
to establish their own examinations. However, as P.W. Nusgrave has 
pointed out, this attempt failed to stimulate alternatives, and in 1933 
the louer-grade examinations were re-introduced. In any case, numbers 
entering for the examinations in the period were small; compared with 253 
entries in 1 902, there 11'ere only 61 in 1 929. ( 41 ) 
(39) NACLURE ( 1973), 171. 
( 40) Education Survey ( 1 927) , 2._ 1 • 
(41) HUSGRAVE, P.t,v., on.cit., 158. 
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In some technical subjects, however, the ideas of the Board of 
Education did yield useful results, for they led to the foundation of the 
national certificate schemes. The first such courses were negotiated 
between officials of the Board and those of the Institution of ~·iechanical 
Engineers, with examinations taking place in 1922. Similarly, in the same 
year there were held courses sponsored jointly by the Board and the 
Institute of Chemistry, while courses in electrical engineering followed in 
1924. Although negotiations were conducted around 1930 to try to bring 
into being national certificate courses in metallurgy, these did not materiali~ 
until 1945, the first ordinary national certificate examinations in the 
subject being held in 1946. 
lihen the decade of the 1920s opened, any hopes there might have been 
for the expansion of facilities to give people better op~ortunities and 
better training for life were severely tempered by the prevailing climate 
of economic stringency. Some observers state that 'it was the aspirations 
of students rather than ••• the manpower requirements of industry' which led 
to what limited demands there were for technical education. ';There it 
existed at all, employers' support for technical education was more for the 
moral benefits brought by part-time study than for any particular skills 
that might be obtained. (42) P.W. Musgrave has commented that the Board 
of Education suffered cuts following the Geddes Committee of 1922 and again 
after the Nay Committee of 1931. Even later, 'since 1945 education has 
rarely had a high priority when cuts in the capital investments programme 
have been necessarJ'• (43) 
Soon after 1925 the Board of Education published an outline survey 
of the instruction which was then available in a number of technical subjects 
at levels suitable for 'technicians•.C 44 ) As far as metallurgy is concerned 
this account makes dismal reading, with opportunities evidently fe1'1' and 
the national attitude towards such instruction disinterested. Outside the 
universities and university colleges, there were then no full-time courses 
(42) LAYTON, D., 'Education in industrialised societies'. In \'/ILLIAHS,T.I. 
(ed.), A his to of technolo vol. 6 the t~'l'entieth centu 
c.1900 t? c.1950, part 1, Oxford: Clarendon Press, 1978 , 159. 
(43) HUSGRAVE, P.~'l., 'Constant factors in the demand for technical education,. 
1860-1960'. Brit.Jrnl.Ednl.Studies, vol.14, no.2 (Nay 1966),187. 
(44) Education Survey (1927). 
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for intending technicians. Part-time grouped courses, on the other hand, 
were offered by a few· ins ti tu ti ana, among them 
'the Nunicipal College of Technology in Hanchester, the 
Applied Science Department of the University of Sheffield, 
the Sir John Cass Institute (in) London, and the technical 
schools in Birmingham and Wednesbury.' 
These courses, which extended over five years of study, were 'attended 
occasionally by foremen as well as by persons looking forward to more 
responsible positions.,(45) 
Some centres provided innovatory-seeming classes 'for engineers 
interested in the treatment of metals', while others offered courses in 
iron-and-steel manufacture. Concerning these latter, however, the Board 
of Education report for 1924-25 commented 
'it is not easy to require a suitable educational standard 
from students, or to devote adequate attention to the 
fundamental science which underlies the technology in which 
the students are primarily interested.' 
The report also observed that 'the provision made for metallurgical 
craftsmen is not satisfactory'. (46 ) Apparently one of the problems 
encountered in providing local courses, especially in the non-ferrous 
branch of metallurgy, was the small number of those in industry prepared 
to teach. This reluctance was associated with fears of possible breaches 
of trade secrets. 
In the 1920s and 1930s technical education received relatively little 
attention from Parliament, and the expenditure on all further education 
in 1920 was only six per cent. of the educational total, ~·rhile in 1938 it 
amounted to a slightly-lower proportion. (47 ) During the period 1924 to 
1929, when Lord Eustace Percy was president of the Board of Education, he 
directed the board to prepare surveys of individual industries and industrial 
districts, including their likely needs for technical instruction, and for 
(45) 
(46) 
(47) 
Education Survey (1927)P 
Education Survey (1927), 
57-58. 
57-se. 
NUSGRAVE, P .I'/., Technical education the labour force and education. 
(Oxford, etc.: Pergamon Press, 1967), 168-169. 
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this purpose he asked industrialists to state their requirementso The 
results were published in the form of pamphlets, such as that entitled 
Education for industry and commerce. The '.Vest i'iidlands metal working area. (4a 
Through the enquiries instituted at Percy's request into the position in 
Yorkshire there came into being, in some areas, regional committees \mich 
included industrial representatives. (49 ) 
In 1926 came The education of the adolescent, a report of the 
consultative committee of the Board of Education. This committee sat under 
the chairmanship of Sir William H. Hadow (b.1859-d.1937), who had become 
principal of Armstrong College, Newcastle-upon-Tyne, in 1909, serving as 
vice-chancellor of the University of Durham in 1916-18, and transferring 
to the University of Sheffield in a similar capacity until 1930. (5o) The 
Hadow Report advocated raising the school-leaving age from fourteen to 
fifteen, and providing 'secondary' education for all children. i;l ""he findings 
were endorsed by the Board of Education, which encouraged local authorities 
to implement the recommendations that 'modern' schools should be made 
available to all those children aged eleven to fourteen who could not 
(51 ) 
attend grammar schools. For present purposes, the Hadow Report of 
1926 is perhaps most relevant for its part in establishing some kind of 
secondary schooling as the norm in Britain, instead of the exception. 
Later this work was built upon by another committee, whose report 
was produced in 1938: Secondary education with special reference to 
grammar schools and technical high schools. This time, the consultative 
committee of the Board of Education had as its chairman Will Spens of 
'.I: Cambridge University. he Spens Report recommended 'the expansion of the 
technical schools and the continued de~opment of secondary education in 
separate grammar, technical and modern schools'. ( 52 ) The 'charter of the 
(48) 
(49) 
(50) 
(51 ) 
(52) 
BOARD OF EDUCATION, E~d:;;;,u~a;;;,tilii~~· o;;;;t;a,,e,oo!O!!!:,..i!!:SnSOid!:l!u!:l!s;;.ot~~a~ng_d~c..,o~mm~e~r~c~e~.""""!' ... 'l'~h~e~\'l.:;:,e~st 
.1<1idlands metal working area. London: HI1ISO, 1930 • 
Board of Education, educational pamphlets, no. 74, 
(industry series, no. 7). 
I.ffiSGRAVE, p .Ttl. , loc.cit. 
HAC LURE ( 1973), 179fn. 
L.AiiSON, John and SILVER, Harold, A social history of education 
England. (London: Hethuen, 1973), 393. 
1~IACLURE ( 1973), 193. 
in 
junior technical 
principal of the 
It was envisaged 
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school', was how it was described at the time by the 
Constantine Technical College in I1i.ddlesbrough. (53 ) 
that the growth of technical facilities should aim to 
provide 'technical high schools' that were in every way equal in status 
with grammar schools; it was intended that recruitment to these new schools 
should be at the age of eleven-plus, 'by the same selective examination 
by which children are recruited to the grammar schools'. (54 ) This was 
a particularly thorny point, because until then the junior tec~~ical 
schools had suffered from the fact that their entrants were not chosen 
until the age of thirteen whereas the grammar-school pupils '\'/'ere selected 
at the age of eleven. Despite this handicap, however, one view ivas that 
the junior technical schools 'more than justified their existence'; and 
among employers 'there is general agreement ••• that the typical junior 
technical school boy is a particularly good recruit for industry'. (55 ) 
It was proposed that the new 'technical schools' should be founded u.pon 
the existing 'junior techr~cal schools' which had been established in 1913, 
but at the same time it was thought their value would be greatly e1ilianced 
by 'contact with the staff and the equipment of a technical college'.( 56 ) 
During the 1930s the junior technical schools numbered about 100, and 
contained nearly 30 000 pupils, equal to between one and two per cent. of 
the school population, most of them drawn from the elementary- schools. ( 57 ) 
i'Iiddlesbrough had a junior technical school which dated from 1919 and 
was used as a source of apprentice draughtsmen and other employees for the 
local steel works. Here, the entry age of thirteen for a three-year course 
ivas not to be altered to eleven for a five-year course until 1953. (58 ) 
(53) FIELD, H.V., 'The trend of technical education with special 
reference to engineering'. 
Proc.Cleveland Instn.Engrs., (1939-40), 181. 
(54) HACLURE (1973), 196; quoting from Spens Report, chap. 8, 294-295. 
(55) FIELD, H.V., op.cit., 181-182. 
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(57) LAWSON, John and SILVER, Harold, op.cit., 407. 
(58) LILLIE, W. , The his tory of ~Iiddles brou.g-h. 
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In the Lincolnshire iron-making district, Scunthorpe had a technical 
school '"hich began day courses in 1936: there was said to be keen 
competition for places on the two-year technical course which each year 
took thirty students aged fourteen. Besides the subjects of English, 
history, geography and mathematics, some science was included together with 
0 0 d.r 0 d k h t 0 (59) en~neer~ng a~ng an wor s op prac ~ce. 
In spite of the fact that from 1939 to 1945 Britain was plunged into 
a desperate war, Governmental efforts towards educational changes were not 
abandoned. By the spring of 1941 'outline plans for the post-war 
reconstruction of the educational system had been drawn up'. (6o) There 
followed 'extensive consultation', and in 1943 a White ua~er on educational 
reconstruction wasproduced. This document proposed that the school-leaving 
age be raised to fifteen, a proposal which was implemented in 1947, and 
that for all children over the age of eleven-plus secondary education of 
equal standing be provided. In addition, as the departmental committee 
on juvenile education had done during the war of 1914-18, it recommended 
that: (61 ) 
'';fuen the period of full-time compulsory schooling ends the 
young person will continue under educational influence up to 
eighteen years of age, either by remaining in full-time 
attendance at a secondary school, or by part-time attendance 
at a young people's college.' 
i·lany of the proposals of the 1943 White Paper became enshrined in law 
by the Education Act of 1944, legislation with which is associated the name 
of Hr. R.A. Butler, president of the Board of Education at the time. As 
a result of the 1944 Act, he became the minister of the new Department of 
Education, -with responsibility for all education in England and ~dales. 
However, up to 1981 there was to be no implementation of the proposal 
that all young persons should be obliged to continue some form of education 
to the age of eighteen. 
(59) &JON., ~l'echnical education in Scunthorue and district. 
Report of a committee of enquiry appointed ••. by the Lindsey 
County Council Education Committee ••. September, 1943. 
(June 1944), 10. 
(60) LAYTON, D., op.cit., 168. 
(61) i•IACLURE ( 1973), 206-207; quoting ',fuite paper on educational 
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The Education Act of 1944 dealt with the general structure and 
facilities for educational development of the country's children. As far 
as training for technology and science were concerned, there came the 
reports of two studies in the two years following its enactment: the Percy 
Report and the Barlow Report. Without doubt, these documents resulted 
from the new realisation, by politicians and by Government officials alike, 
that technology and science had proved vital for British survival in the 
war which was then just ending. After a long period in the i'l'ilderness, 
scorned by most schoolmasters and by the established professions, science 
and technology had suddenly achieved national value. As it was to turn 
out, this new status was to decline once more in the 1960s, during the 
years of apparent prosperity ;ri. th their accompanying growth of complacency. 
The Percy Report stemmed from a special committee on higher 
technological education appointed by the minister of education 1ri.th the 
following terms of reference:( 62 ) 
'Having regard to the requirements of industry, to consider 
the needs of higher technological education in England and 
\'lales and the respective contributions to be made thereto 
by Universities and Technical Colleges; and to make 
recommendations, among other things, as to the means for 
maintaining appropriate collaboration between Universities 
and Technical Colleges in this field.' 
The committee's report, Higher technical education, was published 
in 1945. (63 ) As pointed out by Dr. S.A.J. Parsons, the introduction 
to the report emphasised that Britain's position as a leading industrial 
nation 'uas being endangered by a failure to secure the fullest possible 
application of science to industry, and that this was due to deficiencies 
in education.•( 64 ) By recommending that a limited number of technical 
colleges should be encouraged to develop 'technological courses of a standard 
comparable vTith that of university degree courses', (65 ) the Percy Report 
( 62) 
(63) 
(64) 
(65) 
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laid out much of the groundwork upon which subsequently was to be 
developed the system of British polytechnics. It was envisaged that the 
courses at these colleges should be tailored to suit local industrial needs, 
and that instruction would be offered at several different levels: besides 
degree-level work there would be selected post-graduate courses together 
with part~time instruction of higher national-certificate standard. (66 ) 
The new atmosphere of interest in technology and science led the 
l-linistrJ of Education in 1946 to publish a note on Research in technical 
colleges. This apparently suggested to local education authorities that 
it would be appropriate for teachers in technical colleges to undertake 
research, especially on topics closely connected with industry. (67 ) At 
the same time the ministry drew attention to the grants which the Department 
of Scientific and Industrial Research (DSIR) >vas prepared to make to 
encourage such activities. 
The Ninistry of Education was involved in the establishment of 
National Colleges designed for the needs of specific industries. The 
five colleges created in 1951 dealt with horology, foundry work, heating 
and ventilating, rubber technology, and aeronautics. Of these, the two 
for foundry technology and aeronautics were directly promoting aspects 
of metallurgy, while the National College of Rubber Technology, although 
concerned with non-metallic substances, nevertheless shared the common 
interest in materials for engineering purposes. The National College for 
Foundry Technology was set up at \~olverhampton, while the College of 
Aeronautics was opened at Cranfield, near Bedford, in 1946. At the latter 
institution a lecturer in metallurgy was included on the academic staff 
at the outset, while a department of materials headed by a professor was 
to come into being c.1957, at a period when the principal of the 
institution, Dr. A.J. Nurphy, was also a metallurgist. 
In some years after 1950 the Hinistry of Education >'las to encourage 
metallurgical instruction in a positive manner by holding short courses for 
teacherso For instance, in July 1954 a ten-day course 'for teachers from 
(66) HACLURE (1973), loc.cit. 
(67) PARSONS, S.A.J., op.cit., 161. 
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technical colleges' ivas arranged at the CoWlty Technical College in 
Wednesbury, while in July 1961 teachers met for a similar purpose at ~he 
College of Advanced Technology in Birmingham. In 1962 'engineering 
metallurgy' was the title of one section of the summer school held at 
Cranfield College of Aeronautics; the following year the Hinistry of 
Education offered two short courses, one on 'metal fabrication' for those 
involved with teaching City and Guilds' courses, and the other for teachers 
of engineering subjects. In 1964 a course for metallurgy teachers was 
held at the Sheffield College of Technology. By 1970, however, these 
-useful measures to stimulate teaching 1vere to be dropped. In many respects 
the short courses are reminiscent of those organised in South Kensington 
85 years earlier by the 1·Iinistry of Education's predecessor, the Science 
and Art Department. Another way in which the Hinistry of Education "I'Tas to 
aid metallurgical teaching in the years soon after 1950 'iras by including 
foWldry work and general aspects of metallurgy in the training courses for 
technic&l teachers ivhich l'Tere available at Bolton and Huddersfield. 
Throughout the century 1851 - 1950, the direct influence of the 
Government's education office upon the universities in England and \vales 
was small. rili th some exceptions, Government grants to the universities and 
university colleges were made by the Treasury without regulation by the 
administrative machinerJ of 'Education'. In 1889 the first Treasury Grants 
to university collefes amoWlted to £15 000, while for the year 1945-46 the 
sum was £5 million. 68 ) Only in the period between 1911 and 1919 did the 
Board of Education share 1ri th a Committee of Grants responsibility for 
determining the distribution of the money; for a number of years before 
this, university colleges benefited by grants given for science classes 
started under the auspices of the Science and Art Department. For example, 
as cited by Michael Argles, in one year close to 1900, Sheffield University 
College had 2170 students of various subjects, of whom 142, or less than 
seven per cent., were engaged in work of degree standard. ( 69 ) 
(68) 
(69) 
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State aid to individual students increased substantially during the 
hundred-year period. From 1920 'state scholarships' were distributed on a 
competitive basis: from 200 awarded in the first year, the number rose to 360 
in 1936. (70) In the years around 1950, the Hinistry of Education offered 
120 'tecr~cal state scholarships' to help students at technical colleges 
t d 1 t d t . . t. ( 71 ) and other establishments to a ten se ec e courses a ~vers~ ·~es. 
Local-authority scholarships were also available to some extent; begun in the 
1890s, these also became more numerous as the years progressed. In 1937-38 
the proportion of full-time university students in England that received 
(72) 
assistance was 39 per cent. 
i'ietallurgy is concerned with aspects of technology. Taken altogether, 
it may be concluded that State encouragement of technology tl1rough the 
medium of its education office was less than whole-hearted for at least 95 
years of the period 1851 - 1950. In the first half of the period, although 
the Department of Education showed great reluctance to be associated with any 
scheme that promoted trades or crafts, support was given to instruction in 
scientific principles. State fostering of science through the Science and 
Art Department during the second half of the nineteenth century certainly 
produced results: from virtually nothing in 1851, by 1900 a system of classes 
and examinations in science had grown up which must have afforded satisfaction 
not only to the politicians and civil servants connected with the schemes, 
but to many thousands of the toiling masses as well, who attended the evening 
and Saturday classes after arduous hours of work. Day-time science classes 
also benefited from the department's grants, and 'school science' was 
substantially encouraged by both the department's classes and its share in 
training science teachers. Hm·Tever, sharp criticism was, and still is, 
levelled at the Science and Art Department for its rigid and exclusive 
~~~erance to 'science' rather than admitting a leavening of technolo~J i~to the 
courses it \vas )repared to support; this attitude was forced upon the 
(70) LA\iSON, John and SILVER, Harold, A social h-i story of education in 
England. (London: i·lethuen, 1973), 402. 
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(72) 1.A)lSON, John and SILVER, Harold, loc.cit. 
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department by the prevailing national political and social climate ~·rhich 1·ras 
completely opposed to any suggestion of subsidising specific industrial 
activity. :i.ionetheless, after 1862 'metallurgy' was among the score of 
subjects i·rhich the Science and Art Department supported by making payments 
to teachers and tOI'I'ards the cost of obtaining appropriate equipment, as >'l'ell 
as by instituting an examination system which included incentive prizes to 
candidates. These State actions brought formal metallurgical instruction 
1ri thin the reach of those who were able to attend the small number of centres 
where tuition was offered, and it opened the competitive examinations to others 
1-1ho pursued private, inf'ormal study. Horeover, in the last four decades 
of the nineteenth century the inclusion of metallurgy in the Science and Art 
Department's system of classes and examinations meant that, through the 
official yearly published syllabuses, the subject was repeatedly brought to 
the notice of all l'l'ho were concerned with promoting technical instruction in 
England and \vales. Consequently, if and when local tuition in the subject 
was offered, it was likely to be based upon the 'South Kensington' model. 
Af'ter 1901 the reluctance of the education office to be seen to be drmm 
in to the direct promotion of trade, craft, and 'technician' instruction 
continued, although the selective nature of the grants made to support tuition 
was abandoned. 1be Science and Art examinations were phased out and, in their 
place, the education office tried to persuade authorities in the various 
districts to set up equivalent formal training schemes. There also came, 
after 1913, the provision of 'junior technical schools', and the raising of 
the minimum school-leaving age to fourteen. In the 1920s encouragement was 
given by the education office to the formation of national certificate schemes 
jointly lrith other organisations. The office worked to bring about such an 
academic training and accreditation scheme for metallurgy but unfortunately 
was unable to achieve this until the last five years before 1950. 
At any rate throughout the second half of the nineteenth century, all 
public funds channelled through the Science and Art Department into the 
kingdom-•ride promotion of knowledge of scientific principles -vrere aimed at 
helping those prepared to help themselves, for the department relied upon 
the injection of local funds and resources to form bases to \·rhich the State 
then contributed. 
Overall, the Government's actions made through its education office 
( 103 ) 
exercised a considerable long-term influence. It was mostly of a 'background' 
character, 1nth metallurgy given no precedence over a large number of other 
subjects, but •rith a good deal of progress achieved in raising the levels of 
general education and establishing the pattern by which formal tuition in 
scientific and technical subjects might be obtained. 
( 104) 
CHAPTER 5 
GOVERl>JMEriT II:lFLUENCE THROUGH NON-f!IILITA.RY 
CHANNELS OTHER 'l'HAN THE EDUCATION OFFICE 
1-Iowadays it seems natural to associate State sponsorship of instruction 
with the Department of Education and Science, but in fact there are other 
Government sectors which make notable contributions to the diffusion of 
knowledge, one example in recent years being the Department of Employment 
'~Ti th its industrial training boards. In 1964, when the training board for 
the iron-and-steel industry was formed, it was one of the first four of its 
kind, and there were expectations that a total of between thirty and forty 
would be set up. ( 1) In earlier times, because State expenditure through the 
Board of Education was at much lower levels than has been the case latterly, 
the contributions of other Government departments constituted a greater 
proportion of the whole. In addition to civil activities, State expenditure 
for military purposes has contributed notably to metallurgical development: 
this chapter, however, is limited to civilian aspects. 
Considering first the situation prevailing in the 1850s, the Science 
and Art Department and the Government School of rHnes both owed their 
founding to agencies other than the education office. Indeed, an education 
department was only established officially in 1856. At the time of its 
opening in London in 1851 , the Government Schoo 1 of l'Iines r.v-as the only 
British i~stitution to offer instruction in 'metallurgy'. 'The school >'l'aS 
closely linked with the Geological Survey, gnd its formation can be largely 
attributed to Henry Thomas De la Beche (b.1796-d.1855), 1vho had earlier 
succeeded in obtaining GoverP~ent recognition of his scheme for a Geological 
Survey of England and ·,·Tales; in 1835 the Board of Ordnance and the chancellor 
(1) Coll:.ery Guardian, val. 208, no. 5379 (22 I>lay 1964), 692; 
BD""RY, M.O., 'The iro:J. and steel industry training board'. 
Jrnl. Iron Steel Inst., val. 206 (Hay 1968), 453. 
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of the exchequer had agreed that public funds should be expended on the 
project, and De la B@che \·las appointed to organise it. ( 2) T;·ro years later, 
the chancellor of the exchequer had approved a suggestion that it would be 
nationally advantageous to display in a museum rocks and minerals of economic 
significance. Acceptance of this proposal was helped by the fact that in 
1838 a commission had been appointed to recommend the best stone for the new 
Houses of Parliament at \testminster and, as a result, large numbers of 
specimens became available. Government then assigned a building near 
Whitehall which by 1839 >·ras in use and in 1841 was opened to the public as 
the Museum of Economic Geology; to it was attached a I1ining Record Office. 
Both have significance in the present context. Although the Geological 
Survey headed by De la Wche ;ms at that period a part of the Ordnance Survey, 
administratively the facilities of the museum and record office were within 
the Office of \loods, Forests, and '.vorks. The Geological Survey was 
trans~erred to this latter department by a Treasu~; minute prepared by Sir 
Robert Peel and dated 27 December 1844. (3 ) 
The first curator and chemist of the museum was an experienced man, 
Richard Phillips, FRS, whose functions included making analyses of metallic 
ores and other minerals and soils for the public 'on very moderate terms'. 
Around 1845, Dr. Lyon Playfair (b.1818-d.1898) was appointed to the staff 
of the Geological Survey as chemist in surroundings of unattractive intrigue. 
From 1841, small numbers of pupils were 'received for instruction in analytical 
chemistry, metallurgy, and mineralogy'. (4 ) As Dr. Buckland, professor of 
geology in the University of Oxford, expressed it early in 1841 in his 
presidential address to the Geological Society, 'The pupils in this laboratory 
are already actively employed in learning the arts of mineral analysis and 
the various metallurgic processes'. (5) This must be regarded as the 
beginning of instruction under Government auspices, even if it was on an 
extremely-limited scale and an i~1ormal basis. 
(2) BAILEY, Sir Edward, Geolo ical Su~re of Great Britain. 
(London: i·Iurby, 1952 , 26; quoting LYELL, Charles, president 
of the Geological Society, at meeting of society, 20 ?eb.1836. 
(3) CHAi·iBERS, Sir 'l'heodore C., Register of the associates and old students 
••• of the Ro al School of Hines ••• with historical 
introduction • • • • London: Hazel, \~atson and Viney, 1896), ix. 
(4) CH.Al·.iBERS, T.C., loc.cit. 
(5) CHA.I:IBEh'tS, T.C., loc.cit.; quoting Proc.Geol.Soc., vol.3, 211. 
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Treasu~J sanction had been granted in 1839 for public lectures on 
practical aspects of geology, but action to put such lectures into effect 
was not taken until more than ten years later, 'lrhen ne~v premises >vere 
occupied. In the ihning Record Office, situated next door to the museum, 
were exhibited models of mines, of machinery for working them, and of 
metallurgical operations. There were also samples of materials at various 
stages of treatment, and specimens of finished products such as 'castings, 
electrotypes, (and) gun barrels'. (6 ) As Dr. Buckland summed it up:(?) 
'From all of these the public may receive valuable ••• information 
as to the mode of occurrence of minerals within the earth 
and the machinery by ivhich coal and metallic ores are ••• fitted 
for the market.' 
During the late 1840s, at the time that Robert Peel was Government 
spokesman in the Commons, more spacious premises for the museum and the 
rest of the Geological Survey i·rere built between Piccadilly and .Jermyn 
Street: this, the first important structure in Britain designed for 
occupation by the staff of a purely technological or scientific i~titution, (8 ) 
was erected at State expense. The building was formally opened on 12 Nay 
1851 by Prince Albert, less than a fortnight after the Queen had opened the 
Great Exhibition in Hyde Park one kilometre to the west. Already, in the 
spring months of 1851, a series of five or six public lectures had been 
delivered.. These were destined to be the first of a long line i'l'hich 
stretched through the whole of the second half of the nineteenth century, 
ending only in !>lay 1900.( 9) According to a "\>Tork published tvrenty years 
after 1851, ( 10) the institution of these lectures was 
'due to the enlightened foresight of the i'Iinister under whose 
instructions the school 'lras founded, and who stipulated 
expressly that the professors should deliver annually, at a 
nominal admission fee, a course of lectures to working men.' 
It seems likely this was an allusion to Sir Robert Peel the younger, 
(b. 1 788-d. 1 8 50) • 
( 6) BAILEY, E. , on. cit • , 30 • 
(7) CIIAMBERS, T.C., loc.cit.,; quoting froc.Geol.Soc., vol.3 (19 ?eo.1841),471. 
(8) FLETT, J.S., 
(g) BALFOl~, Graham, The educational s stems of Great Britain and Ireland. 
(Oxford: Clarendon Press, 2nd edn. 1903 , 255. 
(10) BECZ.ER, Bernard, Scientific London. (London: S.S. King, 1374), 183. 
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Six months after the ne';v museum's opening, on 6 Hovember 1851 there ·.vas 
inaugurated w·ithin it the Gover!lillent School of ihnes and of Science applied 
to the Arts, as the institution •..ras at first styled: from 1863 it 'iras kno1m 
as the Royal School of i·!ines. i·letallurgy was one of the subjects in ,.,hiGh 
instruction vras offered from the outset, a medical doctor, John ?ercy i;JD 
(b.1817-d.1889), being appointed to teach it. Percy's intrcducto~J lecture, 
1vhich 1-ras later included in a published volume, Records of the School of 
~·iines, was entitled 'On the importance of special scientific lrnm-rledge to 
the practical metallurgist'. 
Government support, both as hard cash from the Treasu~J and in the form 
of well-disposed influential persons, brought into being these facilities 
for metallurgical instruction. Even so, the support was by no means uniform. 
This is illustrated by a comment included in a letter written in 1852 by 
the school's teacher of natural history applied to geology and the arts, 
Edward Forbes: 'to some extent we are fighting with disadvantages for the 
'tloods and Forests, or rather Lord Seymour, do nothing to pum us on'. ( 11 ) 
In the event, the office of ~·loods, Forests, and Works had little further 
opportunity to 'push on' the School of Mines, for in 1854 the school, 
together with the other sections of the Geological Survey and i·Iuseum, 1·ms 
transferred to the care of the Board of Trade. 
Government had officially recognised an interest in trade and commerce 
the previous century, in 1786, when a 'committee of the Pri~J Council of 
trade' was conSituted. Fifty years later, at much the same time that 
De la B~che's Geological Survey had been created, the Committee of Trade 
recommended establishing a school of design, for which the Commons voted 
£1500. Subsequently, increased sums were granted, and more schools of 
design were started in various partg of the country, their object being to 
improve the competitiveness of the nation's exports. (12 ) ~arly in 1853, 
because of the desire among some parliamentarians to promote scientific 
knovrledge i·Ti thin Britain, the Committee of ·rrade determined that the scope 
(11) CRAEBERS, T.C., on.cit., xiii. 
(12) BALFOUR, Graham, ou.cit., 155. 
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of the existing Department of Art should be \rldened by inclusion cf 'science'. 
Thus there came into 8eing the Science and Art Department >vhich, except for 
some small sums, 1-ras by itself to represent State aid for civil technical 
instruction in England and 'ifales for the next third of a century. The 
School of 1-Iines, the i·:useurn of Practical Geology, the Hining Record Office 
and the remainder of the Geological Survey all became parts of the ne1.v 
department. A few years later, in 1857, all received another administrative 
transfer, this time to the new Education Department, through '>~'hich 
Governmental influence 1vas intended to be concentrated. 
In the aftermath of the Great Exhibition, Parliament voted £150 000 
to add to the exhibition's profits and so enable three estates in Kensington 
to be purchased: Gore House, Villiers and Harrington.( 13 ) In due course, 
part of this land in the hands of the exhibition commissioners was to form 
the home of the Royal School of Nines as well as of other establishments 
concerned 1vi th metallurgy, such as the Science i'luseum, the Geological I·11.1Seum, 
and the departments of engineering and aeronautics at the Imperial College 
of Science and Technology. 
The thirty-year period from 1851 was a difficult time for the 
distinctive instruction, including metallurgy, offered by the Royal School of 
Nines. Repeatedly, the system was jeopardised by pressure from those in 
influential quarters who Ydshed the assembled facilities and talents to be 
used for spreading lmot-rledge of general science to wider numbers of students. 
After thirty years of uncertainty, around 1880 this \'laS the vie1v advanced 
for the Science and Art Department by J .F.D. Donnelly; at that time it >·ras 
vigorously opposed by only t\·TO remaining original members of the staff, 
~11.\i. Smyth in charge of mining, and Dr. J. Percy, the metallurgist. Percy 
resigned rather than submit to the changes proposed. Then in his sixties, 
Percy behaved as if a complete outcast from the corridors of political pmver: 
but a dozen years before, from 1865, in addition to his teaching duties he 
had neld the appointment of ventilation superintendent to the ]ouses of 
Parliament, a position said to entail his attendance at .Testminster every 
afternoon during the session. ( 14 ) 
( 13) A.'iltfiTAGE, '.f.H. C., 'Lyon Playfair and technical education in Britain 1 • 
:-iature, vol. 161 ( 15 f:Iay 1948), 752. 
(14) Obituary, Dr. John Percy. Jrnl.Iron Steel Inst., (1889), no.1, 211. 
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At this critical juncture, however, the Royal School of dines' stalwarts 
still retained friends some~vhere, for in replying to Donnelly's proposals, 
the Lords of the Treasury, represented by Lord Frederick Cavendish, stipulated 
that any scheme for modifying the school into the proposed National School 
of 3cience should avoid a complete merging of the 'strictly technical and 
professional school of mining knowledge in a more general scientific 
institution.' The justification given for retaining the identity of the 
school was that:( 15 ) 
'The development of the mineral riches of this country and 
of its colonies and dependencies was ••• the foremost 
object to which the Government intended by its measures in 
1851-53 to direct the researches of science and to apply 
their results.' 
This Government influence prevented the extinction of metallurgy as an 
independent academic subject in Britain when only one third of the century 
1851 - 1950 had passed. During the later 1880s and the 1890s, opportunities 
for metallurgical instruction multiplied in a number of places, but the 
position of the subject in South Kensi"ston remained insecure until the 
reorganisation which brought into being the Imperial College of Science and 
Technology in 1907, with the Royal School of Hines firmly recognised as one 
of the three constituent parts. 
Besides its connexion idth the early years of the Science and Art 
Department, the Government's trade section was several times involved with 
official enquiries which had a bearing on technical instruction. For 
instance, such instruction vras considered by the Royal Commission on the 
Depression of Trade and Industry, whose second report was published in 1886. 
This report included evidence from a number of people directly involved Nith 
iron and steel: the general manager of the Barrow Hematite Steel Co., the 
Sheffield master cutler, Sheffield steelmakers Samuel Osborn and ·r .E, Vickers 
and, from i·Iiddlesbrough, Sir Isaac Lowthian Bell. Closely questioned by 
the commission on the position of technical instruction in Sneffield, 
Willis Dixon, president of the Sheffield Chamber of Trade, admitted that up 
( 1 5) :\.:TON. , of Eines 
21. 
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to that time in the early 1880s none was available, although he •·ras a 
committee member of the ne'r technical school '.vhich was then being started in 
the town, 1 intended for the 1vorkmen' s sons and foremen and manufacturers' 
sons.•( 16 ) Specifically on apprenticeship, this witness stated 'they get 
no technical education ivh~oever except what they learn in the factory' and, 
as a 'master', he repudiated all personal responsibility for the progress 
of the anprentices, which he thought was a matter between them and the 
workmen.~ 17 ) 
'l'hirty years later, during the economic crisis associated with the 
Great War of 1914-18, the Board of Trade appointed departmental committees 
to consider the post-war position of various industries such as engineering, 
electrical trades, and iron and steel. The report on the engineering 
trades, published in 1918, expressed the view that the standard of industrial 
apprenticeships should be raised. It was proposed this should be done by 
the exercise of greater care on the part of employers, and by 'not less than 
one-third' of 'the most promising boys' being selected to attend organised 
technical classes as part of their training. At the same time, the report 
opposed the wholesale compul3on of youths to attend such classes, on the 
grounds that not all would benefit.( 18) Turning to higher technical 
education, the engineering report was forthright; while the universities 
were doing admirable work, especially in the engineering districts, they were 
'restricted in their endeavours both by want of sufficient Government 
monetarJ support, and by want of sufficient inducement to encourage the 
stream of students.' This latter point was elaborated:( 1g) 
'the monetarJ results which can be achieved by a graduate of the 
technical and scientific side of these Universities appear to 
us wholly incommensurate with the expenses incurred, and the 
time and labour involved in procuring that education.' 
( 1 6) ROYAL COM.J.'I!ISSION JF IlJQUIRY ON THE DEP.?..ESSIOH OF TRADE ioliD IliDUS'l'RY, 
Second Renort (1886), Parl.Papers, 1886, 20. 
( 17) ROYAL COHEISSION ... ON ':'HE DEPRESSION OF TRADE, on. cit., 21. 
( 18) DEPA..qTlfLENT.AL COf.liUT'l'EE OF THE BOARD OF TRADE ON SNGI:NEERIHG, 
Renort of the denartmental committee apnointed by the Board 
of Trade to consider the osition trades 
after the >tar. (.d.l·ISO, 1918 , Cd. 
( 19) DEF.:i..?..THENTAL CONMITTEE OF I'HE BOARD OF TRADE ON ENGilfEERIIW, 
on.cit., 16-17. 
( 111 ) 
The engineering report ~·rent on to explain that hitherto it had been 
possible for British employers to pay low wages to knowledgeable young 
GeTiman scientists, particularly chemists. It added that, as far as possible, 
the engineering trades should employ persons of British university training 
in all positions that invo 1 ved technical and scientific attainments. 'I'his 
report, produced at the request of the Board of Trade, thus drew attention 
to a major restraint on technological improvement that was to continue 
to have an inhibiting effect for at least a further thirty years, into the 
1950s. 
'I'he corresponding ,,rar-time departmental committee for the iron-and-steel 
trades included some leading steelmakers: Sir Hugh Bell, Benjanin Talbot, HenrJ 
Summers and, until his death in December 1916, Archibald Colville. Another 
member was John Hodge, a prominent labour leader who, by the time the report 
• .. ms published in 1918, had been appointed first minister of labour. The 
chairman was G. Scoby-Smith, pre-war commercial adviser to the Cleveland 
company Bolckow, Vau~han. 
dated June 1917, (20 
According to the committee's report, which was 
'The question of technical education in relation to the iron 
and steel industries has formed one of the main heads of the 
committee's investigations. Evidence ••• tends to show a 
growing feeling of dissatisfaction with the lack of systematized 
technical instruction upon a scale commensurate with the needs 
Like its counterpart in engineering, this report recommended a 
substantial increase in the amount of organised technical instruction given 
to school-leavers entering industry. In some other respects, hmoTever, it 
was more sweeping in the changes proposed, the first of these being the 
raising of the school-leaving age from fourteen to sixteen years. Linked 
~·ri th this ':ras the prO:JOSal for a system of industrial I apprenticeshi:;J I r..rhich 
would be'ln the nature of a general agreement of service under a particular 
employer, to begin at the age of fourteen 1 .( 21 ) ~o some extent these 
( 20) DEPART.EE~"'TAL CONNIT'.I'EE OF THE BOARD OF TRADE ON IRON AliD STEEL, 
Reuort of the denartmental committee annointed by the Board of 
Trade to consider the nosition of the iron and steel trades after 
the ·,rar. (HHSO, 1918), Cd.9071. 39. 
(21) DEPARTNENTAL COI'll-iiTTEE ••• ON IRON Mill STEEL, on. cit., 40. 
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proposals paralleled the recommendations of the Board of ~ducation's 
war-time co~ittee that the school-leaving age should be raised to fourteen 
without exception and that extending beyond this age for several years some 
form of studies should be continued. 
For the first two years of the steel trades' proposed agreement, which 
was envisaged as being for a total term of seven years, the employer \.;ould 
make small payments to a youth to enable him to remain at school. Then, 
during the subsequent h10 years, the 'apprentice', now in the vtorks, 1·10uld 
attend regular technical classes as part of his duties. It ~oras suggested 
such classes might well be taught by some of the works' staff, and that 
Nonday morning might be a suitable time to hold at least a portion of them, 
for then the plant would not have resumed full production after the weekend, 
and the brains of the trainees might be reasonably alert. By these 
proposals, from the age of eighteen a youth would not necessarily receive 
further training, but by his agreement would be bound to work for the same 
employer for three more years. 
However, it was recognised that in cases of exceptional aptitude or 
diligence, continued instruction after the age of eighteen might be desirable, 
although it was not made clear where the necessarJ finance for such 
'university type' adv~~ced training was to come from. The committee did 
advocate 'a considerable extension' of such training, pointing out that the 
activities of the British iron-and-steel industrJ were mostly carried on 
within a limited number of well-defined districts. 
each of these 
It recommended that in 
'there should be created a technical institute approximating 
to the university type, in order to provide an advanced 
technical training to those employed in local industries 
whose means admit only of local or part-time study.' (22) 
ihe committee, moreover, urged the desirability of what have since 
come to be known as 1 sandwich courses' , expressing the vie•• that technical 
instruction at universities should be interspersed vri th periods of practical 
(22) DEPART!1Elr:'AL C:Of.IM::LTTEE ..• ON IRON AND STEEL, on.cit., 41. 
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training made possible by the co-operation of large employers. rlt the same 
time, it was considered there should be close links between the tecnnical 
universities, the local teaching centres, and the industries they served. 
The reason was that (23 ) 
''l'he iron and steel industries can only reap the full benefit 
of scientific progress by the constant application of technical 
knowledge to the practical problems of industry; and conversely 
technical training of a purely theoretical character is of 
little value unless combined with a considerable measure of 
works' experience.' 
Certain of the proposals of these Board of Trade war-time committees, 
where they reinforced the vie\ofS of the Board of Education, came to be 
incorporated in the 'Fisher' Education Act of 1918, for example that the 
school-leaving age should be raised to fourteen, and that some form of 
attendance at classes should continue to the age of eighteen. But these 
recommendations, like so much of the remainder, made little progress during 
the lean years of the 1920s and 1930s. The steel-making areas of North 
Lincolnshire and Cleveland were without day-time technical colleges, let 
alone institutions 'approximating to the university type', until after 1929, 
while the North Wales district round Shotton did not obtain its technical 
college, at Connah's Quay, until 1954. (24 ) In 1922-23, apart from under-
graduate courses for B.Sc. degrees, full-time courses in metallur~J were 
available only at Sheffield, Birmingham, and Chelsea Polytechnic, though 
evening classes in the subject were offered at about a dozen other places; 
these included Dudley, i'lolverha.mpton, 11lednesbury, Smethwick, Swansea 
Technical College, ihddlesbrough Hi~h School for Boys, and I·Ianchester 
Nunicipal College of TechnolOg"J• (25 
Compared with the meagre provisions that existed for formal ir~truction 
in metallu.r~J, hO\·rever, there were considerably more opportunities for 
studying engineering, chenistry, and commerce, all of which were, and are, 
(23) DEPARTN:Sl~TAL COI-TIHTr:'EE •.• ON IRON AND STEEL, loc.cit. 
(24) DENT, B.C., The ~ear book of technical education •.• 10 8. 
(London: A. & C. Black, no date , 471. 
(25) BOAR.D OF EDUCATION, List of the more imnortant technical schools 
recognised by the Board .... (ffi·iSO, 192?), 1-39; 71-72. 
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important contributors to the success of ~~Y steel NOrks or other 
industrial metallurgical undertaking. 
In 1924 prime minister J. Ramsey i1lacDonald set up a committee on 
industry and trade 'to inquire into the conditions and prospects of British 
industry and commerce, with special reference to the export trade'. The 
chairman of this committee was Sir Arthur Balfour (b.1873-d.1957), a 
Sheffield steel merchant, and master cutler in 1911, who was to serve later, 
between 1937 and 1946, as chairman of the Council for Scientific and 
Industrial Research. In the third section of the committee's report 
to be published, Factors in industrial and commercial efficiency (1927), 
one of the seven chapters, entitled 'training and recruitment', considered 
apprenticeship, technical and commercial education, and vocational guidance. 
In the paragraphs devoted to the supply and demand for technically-trained 
staff in the iron-and-steel industry, the report concluded that 'On the 
whole ••• of recent years the supply of engineers and technical chemists 
has exceeded the demand. 1 ( 26 ) This conclusion was attributed to the 
combination of the prevailing industrial depression and an unusually-high 
output from the universities in the years immediately following the Great 
\Tar. By contrast, in the very next sentences the report gave a better 
prospect for graduate metallurgists; it stated that, due to industrial 
realisation of the need to replace 'traditional methods' by 'those based on 
the recent remarkable developments in metallurgical science', there had been 
'an increased demand for young metallurgists with the highest scientific 
qualifications - a demand 1-l'hich has sometimes tended to exceed the supply. 1 ( 27 ) 
·:rhe fourth and final part of the Balfour Committee's report was published in 
1928 as a Survey of metal industries. This contained chapters on iron and 
steel, engineering, electrical manufacturing, and shipbuilding. It 
cautiously reiterated the doubt 'whether the number undergoing university 
training in metallur~J is equal to the real needs of the indust~r in the 
future.' (28 ) 
(26) CQt.fi.IITTEE ON HiDUSTRY AND TRADE, Factors in industrial and commercial 
efficienc bein nart one of a surve'r of industries 
with an introduction by the committee. HH.SO, 1927 , 200. 
(27) CONNITTEE ON EDTJCATIOl'T Al-l]) TRADE, ou.cit., 201. 
(28) COI·II-IITTEE ON Hf.DGSTRY . .U'ID TRADE, Su!"1re of metal industries bei~ 
uart four of a survey of industries. SISO, 1928), 37. 
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At much the same time that the Balfour Committee on Industry and Trade 
\·TaS in being, the ~·Iinistr"'J of Labour instituted an enquiry into the extent 
of ap~renticeship and training for skilled occupations. Of the seven re~orts 
published by this enqui~J, one was concerned with metal extraction, as well 
as with mining, qua~Jing, and the chemical, glass and pottery industries, 
while another included metal industries together with engineering and ship-
building. In the Board of Education, during Lord Eustace Percy's presidency, 
there was also activity in the second half of the 1920s, preparing sur;eys 
of individual industries, industrial districts, their likely needs for 
technical instruction, and how these needs were being met at the time. 
Altogether, the question of training for industry received attention from a 
number of Government sectors in the period 1915 - 1930. 
Another part of British industrial administration which experienced 
radical changes in the 1850s was the 'patent' system, which had then been 
in existence for more than 200 years. Following the deliberations of a 
Select Committee of the House of Commons in 1851, the lord chancellor and 
leading Government la~vyers l'l'ere appointed 'commissioners of patents' in 1852. 
Initial patent fees were substantially lowered, and the Office of the 
Commissioners of Patents and Inventions was soon dealing with over 2000 
applications a year. In 1883 further changes were effected through a Bill 
introduced by Hr. Joseph Chamberlain, at that time president of the Board of 
Trade; from January 1884 the patent office became the Board of 'l'rade' s 
responsibility. Besides the extensive work of examining applications, 
considerable sums 1-1ere spent in compiling and publishing summaries of 
British patent specifications grouped according to subject. The numerous 
categories included 'iron and steel manufacture' (serial no. 72), 'metals 
and alloys (excepting iron and steel)' (no. 82), 'metals, cutting and 
"\'J'Orking' (no. 83), 'sifting and separating' (no. 117), 'electrolysis' (no.41), 
and 'f~-naces and kilns' (no. 51). 1'his effort, 1-rhich by 1 910 covered all 
printed patent specifications filed between 1855 and 1904, involved publishing 
more than 1100 volumes. (29 ) It meant that a modest shilling (£0.05) >wuld 
(29) sumnrG, H., Patent Office centenar a storv of 100 'ears in the life 
and ;.rork of the :)a tent office. ffi·!SO, 1952 , 10-11 ; 26; 32-33. 
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enable a reader to nossess a book of illustrated abstracts of five years' 
British patents within a ?articular category. 'I'he patent office's 
usefulness vras not confined to patent specifications, however: from the 
late 1850s, and extending throughout the remainder of the period considered, 
the libra~; of the patent office was available to the public, affording 
a valuable source of metallurgical information 'Nith its open shelves of 
periodicals and textbooks, as well as patent specifications of many nations. 
In the 1950s this State-run free reference library was to remain open until 
nine o'clock on week-day evenings and four o'clock on Saturdays. 
·rhe British i:•iuseum in London, although run by a group of trustees, 
received State grants. Government participated in erection of the new 
reading room and surrounding bookstacks, opened in 1857. Ostensibly 
admission then, as now, was given to all who claimed a serious purpose of 
study, but during the middle decades of the nineteenth century there w·ere 
complaints of restrictions. (30 ) i·!ore.over, in those years the museum's 
library was open only during week-day hours of daylight. In the spring 
of 1880, when experimental electric lighting was being tried in the reading 
room, the editor of the weekly periodical Iron made sure his readers were 
aware of the facilities already available to them, as. well as the improvements 
which he considered should be made for the benefit of the 'intelligent 
artisan'. (31 ) Hare widely, Acts of 1850 and 1855 empowered local councils 
to provide public libraries, raising funds by means of a penny rate (£0.004). 
Hanchester was one of the earliest towns to take advantage of this provision 
and gradually others followed, although libraries supported by local rates 
did not become common until near the close of the nineteenth centu~;, and it 
seems likely that only exceptionally was worthwhile metallurgical literature 
made available by these means. 
(30) IHLLER, Edward, 'Education: public libraries', in 
SUTHERLAND, G. and others (eds.), Education government and 
societ in nineteenth-centu Britain. (Dublin: Irish Univ.Press, 
1977 , 127; 133, note 13. 
(31) Iron, vol.15 (Jan.-June 1880), 13; 205; 258. 
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'rhe quantity of metallurgical work carried out by Government for civil 
purposes \'las much less than that related to the production and supply of 
equipment for the count~J'S military objectives. One non-military 
Government-run metallurgical establishment, however, was the Royal ?•lint. 
From around 1810, this was situated on the original site of Eastminster 
Abbey on Little Tower Hill, outside, but beneath the walls of, the 'l.'m·Ter of 
London, ( 32 ) where new equipment had been brought into use. A Royal 
Commission of 1848 enquired into the 'constitution, management and expense' 
of the Hint, >ri th the result that the office of master became incorporated 
1'li th that of chancellor of the exchequer, while a 'deputy master and 
comptroller' took practical superintendence. At the same time the i'/Ork of 
minting, which had formerly been done on contract, was brought entirely 
into the hands of full-time State employees. 'l'he quantity of new coins 
required in 1851 was about 25 million; by 1900 the figure had grmm to 130 
million, ':rhile by 1950 it had increased another three-fold to 400 million. ()3 ) 
The year 1961 \·ras to see a coinage production of double this quantity again, 
with 298 million for Britain and 538 million for overseas governments. (34 ) 
Following the Coinage Act of 1870 Dr. Percy, in charge of metallur~J at 
the Royal School of Hines, lias appointed an adviser and referee. 
Throughout the hundred years under review, metallurgical skills were 
required for determining the composition of all materials entering and 
leaving the Royal Hint, for maintaining coinage of unifo~tandard properties, 
and for devising fresh alloys demanded by political or economic changes, as 
for instance the replacement in 1946 of silver-based coins by those of 
cupronickel. In addition, staff at the Hint made significant contributions 
to metallurgical research.- Thus, in the years between 1865 and his death in 
1870, the ~aster, ?rofessor Thomas Graham, investigated the ~ffect o~ gases 
dissolved in metals. 1his w·as followed during the 1870s by vmrk done by 
(32) NE~iE.AlT, -.J.A.C. and STRIDE, H.G., 'The Royal Aint'. 
(33) 
(-.1.) 
,) . 
S~RIDE, 
Bull.Instn.Metallurgists, vol.2, no.8 (Dec. 1950)) 17. 
3:. G. , :'D.e Royal i·iint an out line his torv. 
( HHSO , 1 9 51 ) , 1 2 -13 • 
NCRTHCOTT, 1. , '?residential address - metallur~J a..'1d tD.e civil 
service•. '='he •·~etallurgist, vol. 2, no. 10 (July 1':?63), 231. 
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Graham 1 s former private assistant and successor as chief technologist -.lilliam 
Chandler Roberts, ARSH, (later '.V.C. Roberts-Austen), i'rho was appointed 
chemist to the i•iint in 1870 and whose studies of binary alloys of silver 
and copper resulted in the publication of one of the first 'freezing-point 
curves 1 • In 1880, \vhile retaining his post at the Hint, Robarts-Austen 
became professor of metallurgy at the Royal School of i•Iines. His continued 
research at the Hint 1vas on the effects that small proportions of other 
elements had on gold, and it led to a request from the Institution of 
i·~echanical Engineers that Robarts-Austen should extend the investigation 
,,.i th funds supplied by the institution. This work occupied the 1890s and 
yielded a series of 'alloy reports• which were published by the Institution 
of Hechanical Engineers. The laboratory space and part of the equipment 
'l'l'ere provided by the Hint. Early in the present century the investigation 
was transferred to the newly-opened National Physical Laboratory, but some 
metallurgical research work concerned with improvements in methods for 
assaying and refining precious metals continued to be done in the Hint by 
its staff. (35 ) Throughout the first half of the twentieth century close 
links were maintained between the metallurgical staff at the Royal Hint and 
the Royal School of I1Iines. Similar links existed between the i·iint and the 
nearby Sir John Cass Institute where at least one member of the Nint's staff , 
21r. \l.A.C. Ne1<1II1an, served as a part-time metallurgy lecturer. 
The Royal Hint was a factory whereas, by contrast, the National 
Physical Laboratory, which opened in 1900, was essentially concerned with 
experimental work; it 1vas the British Government's first venture into the 
direct encouragement of national technology and science by helping 
industrialists to improve their products and techniques. The laboratory's 
origins can be traced at least from the early 1870s: the Royal Commission 
of 1872, named the 'Devonshire Commission• after its noble chairman, was 
partly brought into being in consequence of the persuasive lobbying of an 
army officer, Colonel Alexander Strange, FRS (b.1818-d.1876). 3trange, 
after his return from service in India in 1861, actively promoted science; 
interviewed by the commission, he advanced the idea that the State should 
establish a •science ~useum• together with laboratories for metallur~J as 
( 35) HAUGHTON, J. L. , '1-Ietallurgical research in government laboratories 1 , 
in Proc. First Mining Metall. Con 
non-ferrous ~etallurgy, London, 1925 , 
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well as for chemistry, physiology, astro- and geo-physics. He also urged 
State endowment of the universities. These nersonal views 1vere largely 
endorsed and enshrined by the commission in ~ts Eighth report. (36 ) In 
due course, a national science museum was established, but, in the first half 
of the twentieth century, it remained administratively within the education 
office. Also stemming from the commission, late in 1876 Government funds 
to the extent of £4000 a year were made available for research, under the 
control of the Royal Society. This was the beginning of State encouragement 
which, by 1930, had become a substantial factor in British technological 
and scientific research. 
During the 1890s the desirability of a British State-sponsored research 
institution received useful stimulus from the opening in Germany in 1895 
of the Charlottenburg Physkalisch-Technische Reichsanstalt with its staff 
of about 80. (3?) Accordingly, in 1897 the Treasury appointed a committee 
to consider the matter, the committee's report was produced in 1898, (38 ) 
and in 1900 a testing establishment was founded. Named the National 
Physical Laboratory, or 'NPL' , it occupied Bushey House at Teddington, 
west of London, an old royal residence granted for the purpose by the Crown. (39 ) 
Significantly, in the USA, the National Bureau of Standards was created at 
much the same time, in 1901. At British Treasury request, control of the 
}~L was effected through the Royal Society, although the committee included 
representatives of the Board of Trade and certain technical societies. 
Initial State aid of £12 000 was agreed for erection of suitable buildings, 
together with £4000 a year for five years towards income. By 1915 this 
yearly sum had increased to £7000.( 40) It was expected other income would 
come as fees from industrial testwork and advice. (41 ) 
(36) CARDvmLL, D.S.L., The organisation of science in England. 
(London: Heinemann, 1972 edn.), 122; 125. 
(37) CARDHELL, :u.s.L., ou.cit., 177. 
(38) CARDI'lELL, D.S.L., ou.cit., 185. 
(39) 
(40) 
ANON., 'Hetallurgical research at the National Physical Laboratory'. 
Iron Coal Tr.Rev., vol.158, pt.4238 (3 June 1949), 1232. 
APPLZTON, Sir ~dward, 'The organization and work of the Department of 
Scientific and ~ndustrial Research'. Jrnl.Inst.Metals, vol.75 
(1948-49), 974. 
SUTTON, H., 'Metallurgy at the National ?hysical L2-boratorJ'• 
The ~1etallurgist, vol.3, no.2 (Harch 1964), 30. 
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From the start, metallurgical work constituted an appreciable, or 
even substantial, part of the NPL's activities. An assistant-in-charge 
of metallur~J and chemist~J, H.C.H. Carpenter, was appointed in 1902. 
Although only four years later he moved away on his appointment as professor 
of metallurgy in Hanchester, Carpenter, while at the NPL, was able, '•Ii th 
others, to determine for su·osequent publication the equilibrium diagrams 
for the iron-carbon and copper-aluminium alloy systems. The work of the 
Alloys Research Committee of the Institution of Nechanical Engineers vms 
transferred from the Royal Hint to the NPL soon after 1901 and in the following 
years significant research result~ ensued. Hork was done on the systematic 
charting of equilibrium constitutional diagrams for a number of alloy 
combinations. Carpenter's successor was Dr. V/al ter Rosenhain, 'i·tho rapidly 
gained an international reputation by his researches into metallic problems, 
including those of alloys of aluminium and magnesium: these came to have 
timely practical value during the Great ¥ar. Useful studies of metal 
fatigue and creep were also carried out in the laboratory, together with an 
investigation, in the late 1940s, into aspects of producing titanium metal. 
The NPL's offshoot, the Chemical Research Laboratory, in 1934 was the source 
of ion~xchange resins. In subsequent decades these resins were to have 
considerable use, commercially and for national strategy, in the production 
f · 11 m'ckel, and rare metals.( 42 ) o uramum, as we as copper, 
Throughout the first half of the twentieth century the liPL contributed 
to metallurgical progress in two ways, one directly for industrial clients, 
and the other to advance ~neral knowledge and understanding. For industry 
there were routine testing of products, improvements in practice, and 
development of modifications and fresh materials; on the broader front 
the laboratory from its early years followed a deliberate policy of 
establishing the fundamental properties of metals and alloys, and the data 
available on them. In the late 1940s, at a time of ~ressing industrial 
problems, these practical aspects had precedence, with fundamental research 
pushed into the background. By contrast, around 1960, roughly b;o thirds 
of the ' . .;ork of the metallurgical division i'las to consist of 'fundamental 
investigations on subjects relevant to problems of the metal producir~ and 
t l . . d t . t.. t b f . d l . t ' I ( 4 3J me a -us~ng ~n us r:..es ••• cr~osen o e o w~ e genera ln eres"t. 
(.12) APPLETON, Sir Zd;mrd, on.cit., 979. 
(..:.3) SUTTON, H., Q.p.cit., 31. 
( 121 ) 
~'lith its emphasis on research investigations and >-rork involving precisely 
controlled measurements the national Physical Laboratory afforded opportunities 
for training in the appropriate techniques to limited numbers of individualso 
::oreover, the published accounts of completed investigations supplied 
stimulus to research workers elsewhere. 
In 1918 the National Physical Laboratory became a part of the 
Department of Scientific and Industrial Research, set up by the Government 
as a separate department two years before, during the Great ';~ar. 'l'he new 
department was to be 1ddely known as 'DSIR' for a period of some 50 years, 
up to its incorporation in 1965 in the Science Research Council. Its 
objects were to bring 'science' into closer contact with indust~J, and to 
stimulate national industrial research. ·rhe DSIR was put under the control 
of a Privy Council comnittee, together with an advisory council v1hose 
members represented a fair width of interests; as had happened with the 
State's ::_:Jrevious participation in science at the National .?hysical 
Laborato~J, the Royal Society was involved. The DSIR council decided 
that the organisation's activities should eover three main fields:( 44 ) 
'firstly, the encouragement of fundamental research at the 
Universities and the training there of research workers to 
meet the needs of laboratories of all kinds; secondly, the 
encouragement of research in industry, particularly through 
the development of the co-operative spirit ••• and, thirdly, 
the promotion of research to meet the requirements of 
Government and the needs of the community.' 
In its initial year the DSIR was voted a lump sum of £1 million of 
Government money to spend in fostering industrial research although, in 
the economic stringencies of the early 1920s, its programme of development 
had to be curtailed and the future of the organisation was in grave doubto 
I·!uch of the £1 million >'l'as spent in a strategy by which the DSIR encouraged 
industrial activity by contributing £1 for each £1 subscribed by commercial 
groups for co-operative research likely to benefit all the comnanies in 
the particular sector. Arising from this provision there came into being 
a number of industrial research organisations, among them several concerned 
vri th metallurg"'J: the British Non-Ferrous I·'letals &search Association, the 
(44) APPLETOH, Sir Ed~'l'ard, op.cit., 974. 
( 122) 
British Cast-Iron Research Association, and the British Iron ~d Steel 
Research Association. The Copper Development Association '\vas founded in 
1933, the corresponding organisation for zinc being set up in 1938, and an 
equivalent body for aluminiam starting after 1940. In 1919 a grant of 
£1000 'lias made towards corrosion research. As early as 1920, when the 
short-lived British CutlerJ Research Association was founded under the 
DSIR scheme, technical developments were planned in collaboration with the 
University of Sheffield's department of applied science. (45 ) 
In its early years, the chairman of the advisory council of DSIR, 
Sir ':lilliam i·'l'Cormick, was also chairman of the University Grants Committee. 
In 1937 the chairmanship of the DSIR council was filled by Professor 
L.R. Bragg, professor of physics in the University of ;~ranchester, and 
known to metallurgists for his 1vork on the structures of metals and alloys: 
in 1935 Professor Bragg delivered the Institute of ldetals Nay Lecture on 
'Atomic arrangement in metals'. During the war of 1939-45 the ~SIR's 
advisorJ council set up a committee to examine the supply and training of 
metallurgists and this stimulated similar action on the part of learned 
societies. Thus, the council of the Iron and Steel Institute stated that 
it ·~·Telcomes the recent action of the advisorJ council ••• and gladly 
acknowledges that this action of the department has quickened its interest•.( 46 ) 
l'he department's expenditure on research increased from £330 000 in 
1919-20 to £i million in 1938-39, and to more than £3 million in 1947-48. 
By 1960 the sums involved were to multiply again, to more than £10 million. (47 ) 
Besides its activity in stimulating research within industry, the 
DSIR encouraged post-graduate studies carried out in academic departments 
in fields which included metallurgy. This was done by making grants for 
equipment and the support of students and, in the thirty years bet...reen 1 920 
and 1950, it w·as a significant factor in determining the grow·th, or even 
the continuing viability, of all university metallurgy departments. In 1938 
(4.5) SA~'ERS, R.S., ''I'he springs of technical progress in Britain, 
1919-39'. ~con.Jrnl., vol.60 (June 1950), 280. 
(46) CO':.mCIL OF IRON .j.}ffi STEJ1;L IHSTITU'I'E, in preface to "l'he trainin.g of 
metallurgists with special reference to the iron and steel 
industries'. Jrnl.Iron Steel Inst., vol.149 (1944), pt.1, 601P. 
(47) ARGL2S, l·Iichael, 
(London: Longmans, 1964 132-133. 
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the amount allocated by DSIR for research training and the advancement of 
academic work in ~11 subjects was about £26 000; in 1948-49 the corresponding 
t. t l , d l ~-; . 11' ( 48 ) t 11 h d th . f. t sum uO a .Le near y ,L4 raJ. 10n. ''e a urgy s are e bene l .s 
arising from distribution of these funds. Development of the Ph.D. degree 
in Britain as the recognised academic qualification for successful post-
graduate training in research was due in large measure to the DSIR. This 
policy received Foreign Office support because of its potential value in 
attracting research students from overseas. (49 ) In 1957-58 the DSIR was 
to increase the scope of its encouragement for technology and science by 
supporting regular courses of instruction at post-graduate level as well as 
research. In this way, around 1960, there were to be provided three kinds 
of DSIR award for post-graduate work:( 5o) 'research studentships' to 
supply maintenance to those being trained in research methods; 'advanced 
course studentships' for those pursuing suitable post-graduate courses; 
and 'research fellowships' for post-doctoral investigators. 
Besides the patronage of post-graduate work in academic departments 
by the DSIR during the period 1920- 1950, Government granted financial 
help to universities and university colleges in England and Wales in other 
ways in the years after 1889. Even before that year, one a~omaly in 
England lias that, in the 1870s, the examiners of the University of London 
received State support to the extent of £1700 a year. ( 51 ) The Devonshire 
Commission in 1874 recommended the making of State grants to the colleges 
in London and .l•ianchester, but it was not until 1889 that such aid 
materialised >rith the first yearly sum of £15 000 voted by the House of 
Commons for distribution among the English university colleges. In 1897 
the amount was increased to £25 000. An interesting and reasonable 
proviso was that the sum granted to any individual institution was not to 
exceed one fourth of its local income. (s2) In the nineteenth century at 
least, the university colleges in 'Jales and Scotland fared better thc:m their 
(48) APPLETON, Sir Ed~<rard., on.cit., 985. 
(49) LAYTON, D., 'Education in industrialized societies', in 
;,o/ILLIAHS, T.I. (ed.), A history of technology vol. 6 the 
twentieth centu c.1 00 to c.1 0 nart one. 
Oxford: Clarendon Press, 1978 , 157. 
(50) GOLDS~·;ITR, ~I., Careers in technology. 
(51 ) 
(52) 
(Harmonds~<rorth, "·iiddx.: Penguin Books, 1st edn. 1963), 168. 
C.AI:'..Dii'~LL, D.S.L., on.cit., 124. 
BALFOUR, Graham, op.cit., 251. 
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~nglish counterparts: in addition to recurrent grants, during the neriod 
1360 - 1 3C3 the Scottish institutions received almost £-i- million to•rards 
(r~) 
building funds. ,J) 
An advisory committee on grants to university colleges was set up in 1904 
under the chairmanship of Lord Haldane to help administer the gro~nng sums 
supplied by the Treasury. In 1911 the grants came under the control 
of the Board of Education but eight years later, in 1919, Treasu~; control 
was restored, with administration effected through the new Uni versi t;l Grants 
Committee. P.'il. Husgrave has pointed out that the war of 1914-18, with 
its attendant shortage of students, led to a crisis in universi~J finances. 
In November 1918 representatives of the universities were invited to meetings 
1nth the chancellor of the exchequer and the president of the Board of 
Education. ( 54 ) As a result, by a Treasury minute of 14 July 1919, the 
chancellor announced his intention to appoint a standing committee, the 
University Grants Committee, 'to enquire into the financial needs of 
University Education in the United Kingdom and to advise the Government as 
to the application of any grants that may be made by Parliament tmmrds 
meeting them.'(ss) At that time, 1919-20, the amount of State aid 
distributed through this channel was nearly £700 000; ten years later 
it had doubled to £1t million; ten years later again, in 1940, it had 
reached £2 million, while in 1945-46 it exceeded £5 million.( 56 ) 
The first chairman of the University Grants Committee, the 'UGC', was 
Sir ';iilliam s. M'Cormick, 1vho held a similar position in respect of the 
DSIR, and in 1906 had first served on the committee which preceded the 
UGC. ( 5?) Besides administering Treasu~J funds paid to institutions for 
higher education, the UGC assumed responsibility for co-ordinating their 
(53) BALFOUR, Graham, ou.cit., 257; 282-284. 
(54) HUSGRAVE, P.',f., Technical chan e the labour force and. education. 
(Oxford, etc.: Pergamon Press, 1967 , 183. 
(55) UNIVERSITY GRANTS COHiHTTEE, Renort of the University Grants Committee 
3 Februarv 1921. (HNSO, 1921), Cmd. 1163, 2. 
(56) ARGLES, Nichael, on.cit., 71. Ho•11ever, LA~dSON, John and SILVER, Harold, 
in A social histor of education in En land, (London: ··ethuen, 
1973 , 404, give the figure of over £1 million in 1919-20 for 
'treasury grants to British universities'. 
(57) SHINIT, Ct1.ristine 2., 
G Ollll:!i tt ee ' • 
'The beginnings of the University Grants 
u· t f nd +" l 0 ~ (1-~o) 
--lS .0 c. UC:3.vlOn, VO • .;p no. ) :;·o , 234. 
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1evelopment efforts, and came to influence the directions in · . .;hich 
develo:_:>ments '.vere made. In the years between 1945 and 1?50, according to 
?.J. Nusgrave, the UGC hel-,_:ced to start new post-graduate metallurgical coc:.rses 
in the universities of Sheffield and Birmingham; at Sheffield a school of 
physical metallurgy was set up, while at Birmingham the available courses were 
1ridened into two alternative streams. (5S) Certainly, in the years after 
1943 the size of the 0GC was enlarged, and its terms of reference broadened 
and made more explicit. Fourteen years after 1950, responsibility for 
Parliamentary grants to the universities was to be transferred from the 
Treasury to the Department of i!;ducation and Science. (5g) 
'l'he last decade of the hundred-year period 1851 - 1950 was in :~any 
respects the most active both for metallurgy and for the general growth of 
technology, including facilities for instruction. In 1945 there was published 
the Percy Report, Higher technological education, which resulted from an 
initiative by the minister of education. Shortly afterwards came the f~ndings 
of another official enquiry, the Barlow Report. ·:rhis was prepared by a 
committee appointed by the lord president of the council, Herbert . ,.;orrison, 
one of the three senior ministers in Clement Attlee's post-war Labour Government. 
In terms of membership the Barlow Committee was a small group half the size 
of the Percy Committee and it was composed of men who were not primarily 
politicians but ~~re mainly engineers, technologists, and scientific administrator 
Sitting under the chairmanship of Sir Alan Barlow, a TreasurJ official, its 
other six members were: Sir Edward Appleton FRS (secretary of the DSIR), 
Professor P.H.S. Blackett, FRS, l'ir. Geoffrey Crowther, Sir Alfred Egerton FRS, 
Sir Geor;;e Nelson, and Professor S. Zuckerman FRS. 
of reference were:(GO) 
The committee's terms 
'to consider the policies which should govern the use and development 
of our scientific manpo:·rer and resources during the next ten years, 
and to submit a report to facilitate ~lanning in those fields 
which are dependent on the use Ol scientific ~npower.' 
(58) MU3GRJ.VE, P.W., op.cit., 200. 
(59) DEN'i', E.C., 'i'ne educational S' stem of .:An land and :iales. 
(London: jniv.London ?ress, 1969 , 199-200. 
(60) MACLU£8, J. Stuart, E!ducational docU::Jents England and v/"les 1:::16 
to the present day. (London: Methuen, 3r1 edn. 1?73), 230. 
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I'he Barloi-r Committee concluded there was need for substantially greater 
numbers of people trained in the 'pure' sciences to the equivalent of 
degree level. It recommended the immediate aim should be to double the 
output of scientific graduates from British universities. How·ever, the 
committee added the qualification that, in any expansion of places, equal 
preference should be given to students of humanities as to those of science. 
Government accepted the Barlow report and, such was the spirit of euphoria 
at the end of the 1940s, steps were taken to provide for substantial expansion 
of under-graduate instruction. In the event, the committee's target of 
5000 science graduates each year was reached sooner than expected, in 1950. 
In common with other branches of technological study, metallur~J profited 
from the policy of expansion. At the same time so, too, did all other 
subjects, h~th the consequence that in the 1960s and 1970s engineering, 
technology and science ~iere to continue to attract some of the ~ieaker students 
as well as some of the most capable. 
In 1947 Government commitment to sponsorship of tecr~ology and science 
was further increased by formation of its Advisory Council on Scientific 
Policy, whose first chairman was Sir Henry Tizard. In the years fo llo~"ling 
its creation, this council endorsed the view expressed by the Barlow Committee 
that there >iaS need for more university-trained scientists. Compared 1iith 
earlier years, around 1950 there was greatly increased desire on the part of 
politicians to be seen to have some involvement vrith, and synpathy for, 
matters technological and scientific. As a result, in the subsequent decades 
very large sums of public money_were to be spent on projects in these fields, 
as well as on increasing the facilities for relevant instruction, including 
that in metallur~J· ~nfortunately, however, in spite of the Government's 
sizeable expenditure on 'planning', the match between the demand and supply 
of trained technologists TtTas to prove poor, as was the balance bet\-reen 
academic departments offering advanced tuition in metallur~J and the numbers 
of suitable students coming for.-rard to occupy the places. 
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To give effect to the aim of exploiting the mineral riches of the 
Empire, '.Jhich was the chief reason 1vhy the Government School of 1·iines opened 
in London in the year ::;7: the Great Exhibition, the 'school of mines' concept 
Nas appropriate, and in the succeeding decades it proved its value. 
for promoting the subject of metallurgy in its wider connotations, including 
the treatment of metals and alloys to yield useful products, the concept 
was unsuitable because it neglected engineering aspects. Formal instruction 
in 'engineering' was almost as rare as that in metallurgy in the third 
quarter of the nineteenth century, although at King's College London a 
lecturer in 'manufacturing art and machinery' had been appointed in 1839, 
while at University College London three engineering chairs were founded 
during the 1840s: in civil engineering, in mechanical engineering, and in 
machine~]. ( 61 ) Also in 1840 a chair of engineering had been created in 
Glasgm·r, 1vi th a professorship in civil engineering follo>ving in i-lanchester in 
1868. Interestingly, in the Sheffield Technical School which opened in 
1884, there was initially a joint professorship of 'engineering and metallurgy', 
but when in 1889 the occupant, W.H. Greenwood ARSH, left to return to industry, 
the post was split into two separate chairs, respectively occupied by \'/illiam 
Ripper and J.O. Arnold. There is some evidence that the Prince Consort 
CU\ 
'envisagedtengineering college for the whole of the British Empire -in 
South ~Censington - together 1ri th its industrial museum and science library 
as a Eermanent memorial of the success of the Great Exhibition of 1851'.( 62 ) 
However, like metallurgy, British engineering education proved to be 
shackled by the conservative notion among employers that students could only 
learn many of the details of the subject by spending several years performing 
menial tasks in industrial surroundings. Nonetheless, during the last 
quarter of the nineteenth century, and continuing in the following decades, 
foi'!Ilal engineering till tion :nade strides forward which were large compared 
with those in metallurgy. In the growth of technological instruction that 
occurred from the 1880s, t!1e subject of metallurgy ,,.ms greatly overtaken by 
engineering, thereby effectively losing sucstantial ground to the \dder 
149-150. 
(62) BL~TALL, Aubrey F., ~history of mechanical er:e;ineering. 
(London: ~aber and ~aber, paperback reprint 1970), 226. 
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subject; it became comnon for the mechanical properties of metals to be 
considered as a portion of the engineering spectrum rather than as part of 
an expanding metallurgical domain. After 1890 it i'l'as not until the closing 
decade of the centurJ 1851 - 1950 that significant positive steps were taken 
by Government to identify 'metallurgy' as a subject meriting encouragement in 
the national interest as something distinct from engineering. 
From before 1851 the Comnittee of Trade had an interest in technical 
'education'. Subsequently, increasing national trade ?ressures, fuelled by 
comparisons made with the situations and standards in other countries, led to 
the channelling of public money into technical instruction. In the 1-rake of 
the Paris Exhibition of 1867 the 1868 Samuelson select comwittee of the 
Iiol.lse of Commons ·had its origins in this concern at adverse commercial effects. 
In addition to this 1868 select committee on scientific instruction for the 
industrial classes, during the second half of the nineteenth century, there 
v;ere made txo other important Government enquiries into technical and/or 
scientific instruction: the Royal Commission on scientific instruction and 
advancement of the early 1870s, and the Royal Commission on technical 
instruction of the industrial classes a decade later. The effects of this 
trio were profound, but for present purposes they are considered as naving 
been achieved through the medium of the education office. 
Before 1900 the influence of other official enquiries, such as that into 
the trade depression of the 1880s, though less important, was also 
significant. further concern was shown during the Great "\iar of 1914-18, 
with 'departmental' committees set up to examine how best technical training 
might be provided to help the post-war industries. ~fhen the post-war period 
duly arrived, soon followed by a return to depressed trading conditions, 
more official enquiries i'l'ere instituted by the Board of Trade and the i·linistry 
of Labour as il'ell as by the Board of Education. A concerted effect of the 
various enquiries ,,ms increased opportunities for general technical education 
1·ri thin local junior technical schools and technical colleges. In the 1940s 
the enquiries and departmental committees were renewed, and ii'. the changed 
climate that prevailed large sums :'l'ere voted for higher and other levels of 
education in all disciplines. 
129) 
Besides interests in trade and employment, in ":;he loyal ~.int Goverr..ment 
had a direct stake in non-military metallurgical technology. l'he State 
provided encouragement to industries through the ?a tent Office, the ~ic:tional 
Physical Laboratory (HPL), and the Department of Scientific and. Industrial 
Research (DSIR). These fostered industrial avtareness of technological 
efficiency. In pursuing tteir aims the NFL and DSIR created jobs for metallurg-
ists, albeit in small numbers initially, stimulated metallurgical research, 
and supplied much-needed financial aid to academic metallurgy depart~ents. 
Indeed, dur~ng the 1920s and 1930s Government action taken throuch the DSIR 
•vas a major influence in promoting industrial interest in metallurgy and 
developing industrial demand for the services of trained metallurgists, as 
•·rell as for other technologists. '.i.'his stimulated demand ~>ras reflected back 
into tuition, at ~~y rate at the advanced levels where the same agency, the 
DSIR, helped departments to provide appropriate instruction. As 1·rell c:s this 
encouragement through the DSIR, the State influenced the higher levels of 
metallargical instruction by freasu~J funds which from 1889 were fed into 
English and '.lelsh universities and university colleges in increasing amounts. 
From 1919 the mechanism by which such grants were made was co-ordinated by 
the University Grants Comrnttee (UGC). Although during the 1920s and 1930s 
both the UGC and the DSIR 1vere active largely for civil reasons, it has to 
be remembered that the DSIR >'las born of the Great ':lar while the sru::e conflict 
influenced the scale of direct State aid to universities and university 
colleges and the nature of the UGC. 
It is concluded that vli th the passage from 1851 to 1950 non-mili tarJ 
State influence on metallurgical instruction grew in extent. Throughout 
the century the most im-;Jortant civil stimulus to State aid ~'las the desire 
to compete successfully 1rith other r~tions in trade. 
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CHAPrER 6 
GOVERNHENT SUPPORT OF i;lETALLURGY FOR MILITARY RE.ASOlfS 
Even in 1851, although the Great Exhibition in London's Hyde Park ,.,aa 
intended to be more of a trade battle than a military one, officers and men 
of the British a.rm.y made significant contributions to the occasion. ·fhe 
chief Royal Engineer at Woolwich, Lieut.-Col. William Reid, was appointed 
chairman of the executive committee for the exhibition, and at one time 
thirteen Royal Engineer officers and two companies of 'other ranks' were 
at work on the Hyde Park site.( 1) Subsequently, army officers were enrolled 
to supervise local Science and Art Department examinations, while one officer, 
Captain Francis Fowke, who had received architectural instruction at Chatham, 
was responsible tor the design of the Victoria and Albert Huseum and other 
public buildinga;(2) the Albert Hall was completed by another RE officer, 
Major-General R.Y.D. Scott. In 1859, the Science and Art Department's 
newly-appointed inspector for science was a serving RE officer, J.F.D. Donnelly. 
Between the Battle of Waterloo in 1815 and the onset of the Great War 
of 1914-18, despite a scare in 1875 Britain was not directly involved in a 
western-European war for a century;( 3) nonetheless, the country's military 
resources were expended in other parts of the world. Within a few years 
-of the 1851 exhibition, British troops were fighting in the Crimean ;.iar (1854-56) 
(1) BOYD, Derek, The Royal Engineers, (London: Leo Cooper, 1975), 39. 
Hereafter referred to as 'Boyd (1975)'. 
(2) Boyd (1975), 38. 
(3) TRO!-!SON, David, E a-land in the nineteenth centu 
(Penguin Books, 1977; 1st publ. 1950 , 
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Further from home, in India, troops were eDgaged in the situation surrounding 
the Indian !-!utiny of 1857 and, in the North-west Frontier Province, 
sporadically throughout the latter half of the nineteenth century. The 
British army was involved with fighting in Abyssinia in 1867, and with trouble 
in China three years later. In the 1870s military campaigns were mounted 
in West and South Africa and in Afghanistan. In the 1880s the army took part 
in fighting in Egypt and the Sudan, and in capturing Mandalay in Burma. 
Even if, in the closing years of the centur,y, it appeared there were 
fewer active demands made of the British soldier than in earlier years, the 
continuing sums spent at that period on naval facilities indicate that the 
peace was an uneasy one. ·~e Boer War in South Africa ( 1899-1902) provided 
a fresh opportunity for active service, and there were then a dozen years of 
relative calm before the British found themselves drawn, in August 1914, into 
what came to be known as the 'Great War', with fighting in France. The end 
of this terrible phase of slaughter and destitution, in November 1918, was 
followed by another period of nonactivity and uncertain peace until war was 
again declared in September 1939. This Second World War was fought on many 
fronts, and made heavy national demands up to the surrender of Japan in 
August 1945, which followed that of Italy and Germany a few months earlier. 
Although the end of fighting then resulted in a great demobilisation of 
personnel and a corresponding abandonment of all kinds of equipment, British 
military expenditure remained on a considerable scale, and was to continue 
thus up to the present time: troops were deployed in Germany in large numbers, 
as well as in various parts of the world outside Europe. Despite the fact 
that throughout the first half of the present century the numbers of people 
employed militarily fluctuated widely from war-time peaks to post-war troughs, 
the service commanders appear to have maintained some interest in trying to 
obtain equipment incorporating the latest technological advances. 
~.Jetals were used by the army and navy prior to 1851 , but the second 
half of the nineteenth century saw great increases in the quantities involved 
and in their variety. Only a few years after 1851 a civilian in London, 
Henry Bessemer, launched his revolutionary process of steelmaking, which was 
a byproduct of his efforts to make, at French Government request, more powerful 
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projectiles and guns. Bessemer's invention brought about the beginning, soon 
after 1860, of the Age of Steel. Even before the new bulk material became 
. widely available, the Admiralty was using iron for ships' engines and, from 
1860, for their hulls, HHS Warrior being one of two vessels built in iron 
on the Thames in that year: before long, wooden-hulled naval vessels were 
being scrapped as obsolete. Turret-mounted guns, adapted from the USA, were 
introduced by the Royal Navy. By the turn of the twentieth century the 
sizes of warships, their steam propulsion engines, and their guns, had all 
been greatly increased. 
One marine destructive weapon was the self-propelled torpedo, driven by 
compressed air; by 1905 it had been developed to the point where it could 
be described as 'the first underwater guided missile', such remotely-controlled 
torpedoes being in British naval use. ( 4) 'Submarine' vessels were also 
part of naval strength, Britain ordering five in 1 901 and becoming more-widely 
committed after 1915. 
Ship propulsion gradually changed from reciprocating engines to 
high-speed rotary turbines; during the twentieth century in place of steam 
increasing proportions of new naval vessels came to be fitted with internal-
combustion engines. Naval forces came to rely increasingly upon metals of 
various kinds, not least for their communication systems. Use of metal in 
the marine enviromnent led to serious corrosion problems which required 
sustained metallurgical effort for their investigation and prevention. After 
1950, the adoption of nuclear-powered submarines was to cause studies at the 
Royal Naval College in Greenwich to include instruction in aspects of the 
relevant materials in a department of nuclear science and technology.( 5) 
The hundred years 1851 - 1950 saw the gradual mechanisation of the army, 
the use of various more-powerful and more-rapidly-firing guns with matching 
developments in their missiles, and the introduction of the electric telegraph 
for signalling: all of these involved metallurgy. The line telegraph, and 
(4) Boyd (1975), 53. 
(5) CARTER, J.H., personal communication, 1978. 
Principal Lecturer in Chemistry, Department of Nuclear 
Science and Technology, Royal Naval College, Greenwich. 
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later the wireless telegraph, had large impacts on both navy and army. fheir 
adoption brought unavoidable dependence on long lengths of metallic 1dre, 
together with other metallic items of equipment, and the need for personnel 
with ability to join and handle such materials. Hundreds of tonnes of 
barbed wire were involved in forming barricades. 
During the second hal:f of the nineteenth century', the a:rmy relied to a 
large extent upon horses to supplement manpower for transport and freight 
purposes, but little by little mechanisation took over: in the Abyssinian 
campaign of 1867 a railway line nearly twenty km long vas built close to the 
Red Sea. (6) In the mid-1880s a military' railway was laid and operated in 
Egypt, (7) and a major-general of the Royal Engineers built a strategic line 
from the Indus to the passes on the North-west Frontier beyond Quetta and into 
Baluchistan, a distance of 350 km; (8 ) another army railway was constructed 
in the late 18gos during the re-taking of the Sudan. Steam engines were not 
confined to rails: in the .A.shanti 'rlar of 1873-74 'the first Steam Sapper 
traction engine', called Prince Arthur, was used, (g) while in the Boer War 
at the tur.n of the centur.y steam traction engines hauled heavy guns through 
the South African country'Side. In Europe the 'tank', or 'land cruiser' 
as it was first named, was introduced by the British army into France during 
the Battle of the Somme in Serember 1g16, marking another important advance 
in military' mechanisation.< 10 
The army's increasing dependence on wheeled vehicles brought with it the 
need for bridging facilities: during the 1g3g-45 war large quantities of 
steel went into constructing more than 300 km of 'Bailey bridge' segments 
in the British Isles.< 11 ) In the same conflict, the 'Mulberry' harbour' 
enabled dock facilities to be provided on the north-west coast of France, 
at Arromanches, to support the allied landings in June 1g44. 
(6) Boyd (1975), 51. 
(7) Boyd (1g75), 58. 
{8) Boyd (1g75), 61o 
(g) Boyd (1g75), 56. 
( 10) ADDISON, Christopher, Four and a half years. 
(London: Hutchinson, 1934), vol.1, 248. 
(11) Boyd (1g75), 96. 
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The Great ~ar of 1914-18 saw a new dimension added to military tactics 
with the use of powered aircraft. As far as Britain was concerned, use of 
aeroplanes for war purposes was begun by members of the Royal Engineers, 
and continued as the Royal Naval Air Service duri~~ the war, becoming the 
separate Royal Air Force shortly after the endingfhostilities. Twenty years 
later, the demands of the RAF during the war of 1939-45 led to greatly-increased 
production of metals such as aluminium and magnesium and to development of 
improved alloys, for example to combine lightness with strength for aircraft 
bodies. It was in connexion with aerial warfare that 'radar' was d~veloped 
by the British in time to be of vi tal significance in 1940: the equipment 
depended upon metallurgical skills as well as upon non-metallic materials, 
notably the timely new 'polythene • with its outstanding insulating properties 
at high frequencies. 
Finally, atomic energy entered the scene in 1940. For military 
purposes this was based on the metallic elements uranium and plutonium, and 
the successful British production and harnessing of atomic energy after 1945 
represented the solution of large numbers of metallurgical problems. 
State financial participation in aeronautics can be traced from 1878, 
when the War Office agreed to allocate £150 for construction of a balloon 
at W'oolwi.ch Arsenal, for use by an army group. In 1890 an air estimate of 
£4300 was voted; fifteen years later experiments were begun with a glider, (12) 
and because of the prospective defence interest in aviation, at Farnborough 
near Aldershot in Hampshire, there was formed 'what was to become the Royal 
Aircraft Establishment' (RAE).< 13) In the following years, despite War 
Office discouragements, the Far.nborough establishment developed into an 
aeroplane factory, although at least until after 1920 it also retained 
responsibility for kites, balloons, and dirigibles. In 1 91 6 a \var Office 
committee decreed that Farnborough should concentrate on research and 
development rather than carry out production, and soon afterwards knowledge 
(12) HALKER, Jo Stubbs, 
Discovery, 
'The Royal Aircraft Establishment'. 
vol.8, issue 9 (1947), 279~280. 
(13) JONES, R.V., 'Research Establishments'. 
Proc.Royal Soc. Lond.A, vol.342, (1975), 481. 
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w~eing sought concerning the behaviour of metals used in aircraft and their 
s 
performance under the loading conditions likely to be encountered in 
service.C 14) Around 1920 the Air Ministry was created, while in 1924 its 
director of scientific research was appointed. In the 1920s the 
metallurgical superintendent of the ResearCh Department at Woolwich Arsenal 
served on two sub-committees of the Aeronautical Resaa.rch Committee. As 
he later recalled, (15 ) 
'this brought me into close touch with the fruitful work on 
steel and light alloys at the National Physical Laboratory, 
Far.nborough and elsewhere: very interesting developments were 
taking place in research on fatigue, creep and strength problems 
generally • • • ' 
However, throughout the decade of the 'twenties, and up to 1935, the level 
of expenditure authorised for the RAE was small. In 1937 the autumn 
lecture to members of the Institute of Z.Ietals, meeting in Sheffield, was 
given by the deputy-director of scientific research at the Air Ministry, 
Dr. D.R. Pye, FRS, on 'Metallurgy aDd the aero-engine'. 
Subsequently, the work done on metallic materials played a vital role 
both in the successful prosecution of the war of 193945 and in the 
technological developments which followed it, such as the turbine and jet 
engines for aircraft, and the exploitation of atomic energy. A 1946 account 
of the metallurgical division of the RAE described its activities as falling 
into four categories: examination of service failures and manufacturing 
defects; assessment of indus trial methods, processes and materials; research 
into improvements of processes and materials; and fundamental research into 
the principlerunderlying the mechanical behaviour of metals. ( 16 ) 'doric on 
corrosion, particularly that of stressed components, was important, and the 
metallurgical division was responsible for extensive long-term investigations 
into metal creep and fatigue, and for work on the theory of strength of 
(14) WALZER, J. Stubbs, ~p.cit., 281-282. 
(15) MOORE, Harold, 'Some recollections' (part 2). 
The Hetallurgist. vol. 1, no.2 (1-!ar. 1960), 74. 
( 1 6) A.NOl~., 'Hetallur~ at th..e Royal Aircraft Establ.ishment' • 
Enrineering, vol.161, pt. 4182 (8 l·lar. 1946), 2'36. 
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brittle solids. The comment v1aa made that the laboratories 'have afforded 
an excellent practical training to a number of yoUDg university graduates, 
which • • • would make them well fitted to take their place in industry. ' ( 17) 
Among the new materials which seemed to show promise was titanium: 'ductile 
titanium was first made in quantity in the UK at RAE . . . and the ••• 
apparatus was subsequently scaled-up in industry ••• for alloy development 
in 1947.' In the early 1960s, the RAE at Farnborough was to be 'the 
largest Government research and development establishment in this country1 .( 1s) 
Of the scientific and technological advances which were put to practical 
use du.rillg the war of 1939-45, one of the most innovative was the 'atom 
bomb': two such bombs dropped on unfortunate Japanese cities on 6 and 9 
August 1945 effectively brought a rapid end to hostilities, with the 
acceptance of surrender. Tbe idea of the feasibility of using nuclear 
energy as a new form of explosive for military purposes followed the many 
rumours of 'death rays' tfhich, during the 1930s, were claimed f:;-om a series 
of source&. Physicists in Britain in 1940 succeeded in impressing 
Government w1 th the potentialities of a uranium bomb; originally handled 
by the Committee for the Scientific Survey of Air Warfare of which Sir Henry 
Tizard was chairman, from mi.d-1940 work associated with the project was 
made the responsibility of a separate sub-committee within the Ministry of 
Aircraft Production: the Ioi • .A.U.D. Committee. (19) By the end of 1940 uranium 
metal, as well as some compounds, were being made at Birmingham University 
and by I.C.I. Ltd.( 2o) .A few months later, in conjunction with experimental 
work carried out in the USA, the practicability of a bomb was proved. In 
the middle of 1941 the M.A.U.D. Committee produced two reports, one on the 
'use of uranium for a bomb' , and the other on the 'use of uranium as a source 
of power';( 21 ) in September 1941 the British chiefs of staff and prime 
( 17) 
( 18) 
( 19) 
(20) 
(21) 
ANON., loc. cit. 
NORTHCOTT, L., 'Presidential address- metallurgy and the civil service'. 
The i·letallurgist, val. 2, no.10 (July 1963), 233. 
GOWING, !1art$'aret, Britain and atomic energy 1939-1945. 
lLondon: Eacmillan, 1964), 378. 
GOWING, ~1., op. cit., 63. 
GOWING, I>I., on.ci t., 394 and 427, reproducing the tests of the 
reports, pp.394-426, and pp. 427-436. 
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minister, Winston s. Churchill, agreed that the project should be developed 
with all possible vigour. 
Up to this stage the British atomic-bomb work seems to have involved 
top-level physicists and chemists, but hardly any metallurgists. i-1oreover, 
from this stage, work with similar aims done in the USA for the US Government 
was on a much greater scale, so that British participation in the programme 
which led to the dropping of the two atomic bombs on Japan in 1945 was 
marginal rather than central. In Britain the small numbers of competent 
technological and scientific graduates available for all the manifold duties 
demanding their attention became all too apparent. When a joint Canadian-
British team was established in 1-l:Ontreal at the end of 1942 to carry out 
further work on atomic energy, the leading scientists 
an international collection, nearl) all non-British. 
engineers and one metallurgist. ( 22 
appointed to it were 
I.C.I. seconded three 
Uranium metal production on the modest scale of nearly half a tonne 
a week was pursued by I. C. I. in Britain in 1 943 and 1944, during which time 
many difficulties associated with processing were overcome so that extensive 
knowledge was obtained of problems involved in larger-scale working. (23 ) 
The British decided that, whatever might be the state of post-war 
collaboration With Canada and the USA, atomic-energy development should be 
continued on UK soil. Towards this end, by the spring of 1945 the British 
Government authorised a start to be made on the experimental station for atomic 
energy lfhich was to grow up at Harwell during subsequent years. As prime 
minister Clement A.ttlee announced in the House of Commons in January 1946, 
a Division of Atomic Energy Production was created 'to make available as 
speedily as possible material in sufficient quantity to enable us to take 
advantage rapidly of technical developments as they occur•.(24 ) Responsibility 
for the work was transferred from the Department of Scientific and Industrial 
Research to the l'Ii.nistry of Supply. ',iithin the next few years there 
(22) 
(23) 
(24) 
GO~CNG, H., op.cit., 191. 
GO'fliNG, N., op.ci t., 337-338. 
JAY, K.E.E., Britain's atomic factories the sto 
in Britain. (London: ill-ISO, 1954 , 
of atomic ener"""~ 
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developed at the Hi.nistry of Supply's Springfield \iorks near Preston a plant 
for producing uranium metal and hexafluoride in tonnage quantities, at the 
Cumbrian ;Jindscale Works a plant for separating plutonium from irradiated 
uranium, and at Capenhurst the necessary large-scale equipment for 
separating highly-enriched uranium-235 isotope from the naturally-occurring 
mixture. At Windscale also, as an essential step in preparing the synthetic 
element plutonium, there was built 'the world's first peace-time industrial 
atomic pile', producing useful energy from atomic reactions proceeding at 
controlled rate. As had been the case before 1945, in the post~1ar period 
some of the early production of uranium metal and hexafluoride was carried 
out by I.C.I. at Government request.<25 ) 
The object of the British programme from 1945 was two-fold: to yield 
atomic bombs with obvious military applications, and to develop the enormous 
peaceful potential of atomic energy, both lines of progress foreshadowed by 
the M.A.U.D. reports of 1940. The wisdom of the decision in 1945 to resume 
development of atomic anergy within Britain appeared well vindicated the 
following year when, in the USA, Congress passed the Mciv1ahon Act which 
severely curtailed possibilities for collaboration on many aspects of the 
work. (26 ) By 1958 the staff employed by the Atomic Energy Authority was to 
total 25 000.(2?) It is clear that the new industry demanded considerable 
numbers of metallurgists, together with other technologists and engineers. 
The high national priority accorded to the atomic-energy programme meant that 
during the years around 1950 Government made substantial inducements to 
academic departments to provide trained people in suitably-large numbers. 
There is no doubt this was one of the most potent factors contributing to the 
great eKtension of opportunities for metallurgical instruction which took 
place after 1945 and was to be sustained during the decade of the 1950s. 
Likewise, the job opportunities within the British atomic-energy industry 
created considerable demand for those possessing formal oetallurgical training 
and thereby stimulated interest in such training. 
(25) 
(26) 
(27) 
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The two European wars in the first halt of the twentieth century gave 
rise to State interest in raw-material resources. For example, during the 
1914-18 war a Government agency vas formed to control British iron-and-steel 
production and to ensure the procurement of all supplies necessary to yield 
the quantities and grades of steel wanted to sustain the war effort. One 
strategic component of tool steels vas the metal tungsten, which prior to 
1914 was virtually all controlled by Germany which had established a world 
monopoly for processing ores; the outbreak of war necessiated manufacture of 
tungsten in Britain. A second use for tungsten which became important was 
in balancing the crankshafts of aeroengines, where its high density was an 
advantage.( 28) Accordingly, a 'tin and tungsten research committee' was 
set up, its investigations being done partly in academic departments; for 
instance, a lecturer at the Royal ~chool of .Mines carried out treatment tests 
on Cornish tin ores.<29) The treasury paid for the publication of a series 
of reports, prepared by the Geological Survey, on British mineral resources. 
Volume one, on Tnnrten and mnnganese ores, first appeared in 1915 with 
volume two, on Barytes and witherite, closely following, while volume four, 
F1uorsna.r, came out in. 1916. Altogether, more than twenty separate reports 
were compiled, on materials which included refractories, iron ores, lead, 
zinc, and copper minerals. 
Tbe Ministry of Huni tiona, encouraged by the main metallurgical 
institutions, sponsored the development of mineral resources. In ~ia.rch 
1917 it created a new section to develop home minerals, while in the following 
month wider proposals were submitted by the minister, Dr. C. Addison, to the 
Imperial War Conference. 1hese proposals were intended to encompass the whole 
empire by means of:(3o) 
'An Imperial Mineral Resources Commission to conduct surveys and 
to advise on the best means of developing the Empire's ••• 
resources, and •• o 
The establishment of working corporations =British and Dominion -
for promoting development.' 
(28) SMITHELLS, Colin, J., 'Reminiscences, 6heu 1\lgaces'. 
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As the minister explained, the object was to devise a plan whereby mineral 
resources might first be ascertained, and then developed and exploited to 
meet market requirements, by an organisation free from alien control. 
Consequently, an Imperial Mineral Resources Bureau was brought into being, 
with duties to 'collect and disseminate information as to resources, 
production, treatment, consumption and requirements of every mineral and 
metal of economic value', as well as to advise on the development of imperial 
mineral resources. The British representatives on the bureau's governing 
body included Professor H.C.H. Carpenter of the Royal School of Mines, who was 
president of the Institute of Metals, and two ex-presidents of the Institution 
of Mining and Metallurgy. (31 ) The scheme envisaged, however, did not obtain 
unqualified support when it was discussed at the Imperial Conference in July 
1918,(32 ) and in the subsequent lean economic climate British Government 
financial support for development was limited. 
To some extent, the pattern of 1914-18 was repeated during the 1939-45 
war, vi th investigations made at Government expense into mineral deposits 
in various parts of the country: for example, tests were made of the feasibility 
of extracting fluorspar from accumulated dumps of tailings at old mines in 
the northern Pennines, and surveys were undertaken to assess the domestic 
potentialities for lead, zinc, and fluorspar mining. During the 1950s and 
1960s the Government war-time reports on Britis~ mineral resources were to 
constitute the useful basis for all further work done, both academically 
and commercially. 
At the conclusion of hostilities in Europe in 1944, large numbers of 
skilled people were sent by the British Government to appraise and report on 
aspects of German industry: metallurgists were among the experts who took 
part in this campaign. Subsequently, many of the reports of the British 
Intelligence Objective Sub-Committee (BIOS) became available to readers in 
Britain. For instance, BIOS Overall Report No. 15, entitled 'The ferrous 
metal industry in Germany during the period 1 939-1945' , was written by George 
Patchin and Ernest Brewino 
(31) ADDISON, Christopher, 
(32) ADDISON, Christopher, 
George Patchin, ARSM, was principal of the Sir 
op.cit., vol.2, 531o 
op.cit., vol.2, 549-550. 
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John Cass Institute in London from 1926 to 1945, and also head of its 
metallurgy department. 
Sponsorship, for military purposes, of research and new developments in 
materials has been on a substantial scale since the 1940s, but it also took 
place to a smaller extent throughout the previous 70 or 80 years. Henry 
Bessemer claimed that while he was first developing his new steel-converting 
technique in the years around 1860, the commandant of the Royal Arsenal at 
Woolwich, Col. Eardley Wilmot, showed great interest in the work and had 
experiments made with. the new material; similarly, the Royal Navy's chief 
shipbuilder tried Bessemer steel for ships' parts only a few years later. 
At that time the new material was more costly than its equivalent in wrought 
iron, and interest in it lapsed until at the end of the 1870s there came a 
revival which, during subsequent years, was to lead to steel's gradually 
replacing iron for ma.ny naval purposes. 
~~mbers of the Iron and-Steel Institute visited the Woolwich ordnance 
factory c.1880, and for the occasion the superintendent at the time, Colonel 
Maitland, together with some of his civilian staff, produced descriptive 
articles on metallurgical operations carried out within the factory. Ten 
years later, Dr. Anderson, who was then director-general of ordnance factories 
at Woolwich and a vice-president of the Institution of Hechanical Engineers, 
recommended the setting up by that institution of an Alloys Research Committee 
to investigate the effects of small proportions of impurities on the mechanical 
properties of metals.<33 ) During the last decade of the nineteenth century 
useful work was done and results published, even though.the researchers involved 
were only a handful; the numbers were very small by comparison with the teams 
of investigators half a century later who were engaged to :qork: on problems 
with similar military significance. Shortly after 1900, when the new 
National Physical Laboratory(lf.PL) opened, experimental work for the programme 
of alloys' research was transferred to it, and throughout the following years, 
perhaps particularly during wartime, State-supported research at the NPL 
contributed to national efficiency and to the introduction of improved materials 
for military purposes. 
(33) S~UTR, S.W., Robarts-Austen a record of his work. 
(London: Griffin, 1914), 132. 
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In 1900 an Explosives Committee was created, with Lord Rayleigh as 
president and Sir w.c. Robarts-Austen a member: Robarts-Austen was professor 
of metallurgy at the Royal School of Mines and also assay master of the Royal 
~tint. At Woolwich, a superintendent of chemical research was appointed in 
1902, and two years afterwards a metallurgist was included on his staff.C 34) 
This man later recorded how 'neither in the Department (of Chemical Research) 
nor elsewhere were there any definite ideas, apart from my own, as to the 
subjects on which metallurgical research was needed'. In 1906 Woolwich 
Arsenal was transferred from civilian control to military; the Explosives 
Committee '"as dissolved, and the Research Department henceforward reported 
to both the Admiralty and the War Office through its chief superintendent, 
alternately naval and military senior officers. (35 ) By 1910 the Admiralty 
and the War Office, through their joint Ordnance Committee, had come to 
recognise the potential scope and value of metallurgical research for service 
purposes; as a consequence, increasing numbers of problems were referred to 
the Woolwich Research Department for advice, and the civilian metallurgical 
superintendent was enabled to engage three or four assistants. In the same 
year, this metallurgist took part in a British military visit to Swedish 
steel works, made to judge their importance in the~ent of war. (36) Soon 
afterwards, because of the realisation of war, the metallurgical staff of the 
Woolwich Research Department was inundated with work, ranging from examination 
of 'small-arms ammunition offered by American manufacturers' , and 'defects 
and failures in war material' , to helping to devise improved production 
methods: by the end of the war in 1918, the staff numbered forty, th0ugh this 
reduced substantially the following year.C37) 
During the 1914-18 war, a committee of the Ordnance Board met each week 
to consider metallurgical questions: the civilian members were H. :•Ioore 
from W'oolwich, F.\l. Harbord, ARSY.I, from the £•1inistry of Ioiunitions, N.P.P. 
Sandberg, a member of a family firm advising the 1-Iinistry of i·lunitions on 
shell steels, and Sir Alexander Kennedy, former professor of engineering at 
University College London.( 38) \ihen the war was over, metallurgical work was 
(34) MOORE, Harold, on.ci t., 71. 
(35) I100RE, Harold, O£oCit 1 , 72. 
(36) !ilOORE, Harold, O£oCit., 72. 
(37) HOORE, Harold, on.cit., 75. 
(38) 1100RE, liarold, on.cit., 76. 
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continued at ~Ioolwich, even if on a reduced scale. Publication of results 
was permitted, members of staff contributed to metallurgical meetings, and they 
took part in various civilian committees set up to enhance understanding of 
such things as steel castings and corrosion, having significant economic 
applications. 
Among topics of metallurgical research successfully pursued in the 
~Aoolwich Research Department in the years after 1920 were: prevention of 
failure by 'season cracking' in brass amunition and condenser tubes; 
elimination of' 'extrusion defect'; production of sound ingots cast in 
cartridge brass; improved steels for armaments; electrodeposition as a 
means of' reclaiming worn components such as the linings of gun barrels; and 
substitution of alternative materials for those in short supply. By 1950 
the 'Woolwich' wo~ had mostly been transferred to the Royal Armament Research 
and Developnent Establishment at Fort Halstead near Sevenoaks, where it was 
continued on a substantial scale. Dr. (later Sir) William Penney headed 
the establishment at that time, and formidable metallurgical problems were 
encountered and resolved in the development of the British atomic bomb. 
Besides the extensive work done at Fort Halstead, in later years the 
selection and performance of metallic materials was studied at two army 
centres: the Fighting Vehicles Research and Development Establishment at 
Chobham, and the 11ilitar,r Engineering Establishment at Christchurch. (39) 
'~e British Government's Board of Invention and Research, which was active 
from July 1915 to July 1917, included on its consulting panel of twelve 
'scientific experts' a metallurgist, Professor R.C.R. Carpenter of the Royal 
School of Hines. (4o) 'the Board was intended to work closely with the 
Admiralty on matters involving 'scientific' effort, as well as to assess the 
value of schemes and suggestions put forward by the public. Professor 
Carpenter became occupied in an investigation of the Seaplane Sub-committee 
regarding the possibility of producing non-corrosive metal fittings by treating 
aluminium 'to form a hard coat of metallic oxides' .< 41 ) The Admiralty set 
(39) 
(40) 
(41) 
NORTHCOTT, L., op.cit,, 
1-IA.CLEOD, R.~t. and ANDRE'tlS, 
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up its Directorate of Scientific Research after the war had ended, in 1921, 
and an Admiralty Research Laboratory was established alongside the existing 
NPL at Teddingtono (42 ) In 1944 there came reorganisation, with the creation 
of the Royal Naval Scientific Service (RNSS) to help ensure 'the permanent 
provision for the Navy of the service which it needs in the fields of research, 
experimental design and development'; one of the four research departments 
. (43) 
was concerned with engineer1ng and materials. 
At one time or another, Admiralty research proceeded over a wide spectrum. 
On the one hand there was a continuing desire to improve the strength of 
naval vessels without adding to their weight. ·.rhen the introduction of 
welding, partly in response to the destructive effects of gunfire on riveted 
joints, caused its own difficulties. Sea-water conditions posed corrosion 
problems which were answered by development of fresh non-ferrous alloys. 
Ship propulsion also presented features, extending over many years, which 
called for ~provements and modifications. Development of under-water weapons 
and military electronic devices demanded the attention of metallurgists, as 
did the application of nuclear propulsion to naval vessels. In 1948 the 
Admiralty 1>1aterials Laboratory was set up to undertake work of a long-term 
nature, such as investigation of the creep and fatigue behaviour of various 
materials. (44) 
While the foundation of the National Physical Laboratory in the opening 
years of the century was not primarily for military purposes, or closely 
associated with war, the formation of the Department of Scientific and 
Industrial Research in 1 91 5-16 was considerably influenced by the prevailing 
war-time situation and the inadequacy it revealed. It was early in 1915 
that members of the war-time government proposed a two-pronged long-term 
scheme to remedy the worst aspects of the technological and scientific 
insufficiency in whi cll the country found itself. One prong of the proposed 
scheme aimed to improve academic instruction at all levels ranging from 
secondary schools, through technical schools, to universities, while the 
(42) JONES, R.V., op.cit., 482. 
(43) DENT, H.C.(ed.), op.cit., 692. 
(44) NORTHCOTT, L., op.cit., 234. 
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other was 'directed to the promotion of research work into industrial and 
commercial problems•. (45 ) In July of 1915 the privy council's Committee 
for Scientific and Industrial Research was instituted, with an advisory 
council of seven fellows of the Royal Society under the administrative 
chai:rma.nship of Sir 'il.S. M'Cormick. At first it was the intention that the 
new body should work within the Board of Education, but at the end of the 
next year, 1916, the new Department of Scientific and Industrial Research 
(DSIR) became established as a separate entity under the privy council. 
In its first year or two, the advisory council gave support to twenty 
projects, and the technical bodies associated with these projects included 
the Institute of Hetals, the Institution of Mining and ll!etallurgy, and the 
Iron and Steel InSi tute, as well as the Institution of i-lechanical Engineers 
and the Faraday Society. .Among the topics studied were 'the properties 
and composition of alloys, the corrosion of non-ferrous metals, (and) tin and 
tungsten'o( 46 ) In December 1915 the advisory council formed several 
specialised standing committees, that on metallurgy including a number of 
prominent practising metallurgists, Table 6.1. 
Three years later responsibility for the NPL, with its metallurgical 
division, was assumed by the DSIR; in 1920 a Chemistry Research Coordinating 
Board was created, and in the following few years a Chemical Research 
Laboratory was established on a site adjacent to that occupied by the ~~L 
at Bushey Park.( 4?) During the 1940s the Chemical Laboratory was called 
upon to participate in separation and isolation of some of the metals 
required for the national development of atomic energy. 
(45) ADDISON, Christopher, op.cit., vol.1, 291-295; section headed 
'Proposals for a national scheme of advanced instruction 
and research in science, technology and commerce, and for the 
establishment of a council of scientific and industrial research' 
(46) VARCOE, Ian, 'Scientists, government and organised research in Great 
Britain 1914-16: the early history of the DSIR'. 
Hinerva, vol.8, no.2 (1970), 210. 
(47) iiDTCHHTSON, Eric, 'Scientists as an inferior class: the early years 
of the DSIR'. Minerva, vol.8, no.3 (1970), 406. 
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Table 6.1. The DSIR standing committee on metallurgy, 1916 
Name of i·Iember Affiliation 
Sir Gerard Muntz (chairman of the 
committee and of the 
non-ferrous section) 
Sir Robert Hadfield (chairman of 
the ferrous section) 
Professor J.O. Arnold 
Sir ~lilliam Beardmore 
Nr. Arthur Balfour 
Professor H C.H. Carpenter 
:'1r. C.R. Desch 
Hr. F .·.v. Harbord 
Hr. J. Rossiter Hoyle 
Professor A.K. Huntington 
l4:r. If. Hurray ~Iorrison 
.Mr. George Ritchie 
Hr. J.E. Stead 
i·Ir. H. 1. Sulman 
i'ir. Frederick Tomlinson 
Institute of I<Ietals 
Iron and Steel Institute 
Sheffield Society of 
Engineers and l.fetallurgists 
West of Scotland Iron and 
Steel Institute 
Institution of I<Iining 
and Hetallurgy 
Institute of Hetals 
Cleveland Institution 
of Engineers 
Iron and Steel Institute 
Institution of !-lining 
and ~~Ietallurgy 
VARCOE, Ian, 'Scientists, government and organised research in 
Great 3ritain 1914-16: the early history of the DSIR'. 
Minerva, vol.S, no. 2 (1970), 210. 
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The foregoing sections of this chapter have reviewedevidence for the 
vital part taken by metals in the successful prosecution of military 
endeavours, and for the way in which knowledge of metals became accepted as 
a worthwhile sector of military expenditure. As the period 1851 - 195"0 
progressed, so metallic materials grew in mill tary significance. This fact 
serves to emphasise the State's need to provide, as part of national strategy, 
facilities for appropriate instruction. 
In 1851 there existed for both army and navy separate training 
establishments where some technology was taught, though noiBwas concerned 
specifically with materials. For the army, the Royal Military Academy at 
Woolwich, founded in the eighteenth century, afforded a means of entry for 
youths intending to become officers in the Artillery and Engineers. Even 
before 1851, chemistry lecturers were appointed to its staff, Professor 
lilichael Faraday being in charge of that section from 1829 to 1858 and having 
an assistanto(4S) According to one source, in 1857 there was also a 
lecturer in 'practical mechanics, machinery, and metallurgy•.< 49 ) 
Arising from the disturbing British incompetence shown during the 
Crimean ',·Iar, the secretary of state for war, Lord Panmure, in 1856 appointed 
a commission to reorganise the instruction given to army officers, particularly 
those involved with 'science', which in the context can be taken to be 
engineering and artillery. As a result, the opportunities to study at 
Woolwich Academy and Sandhurst were opened to public competition,and a Council 
of Military Education was instituted. At the same time, the long-established 
Board of Ordnance was abolished, the Royal Artille~J and Royal Engineers 
which it had controlled being transferred to the responsibility of the 
commander-in-chief. (50 ) Ten years later, in 1867, public expenditure on 
( 48) GUGGISBERG, Captain F. G. , 'The sho ' the s to of the Roval i•Iili ta 
Academy. (London: Cassell and Co., 1900 , 263. 
( 49) BARNARD, Henry, Ni · ta schools and courses of instruction in the 
science and art of war. New York: Greenwood ?ress, 1969; 
orig.publ. New Iork, ~. Steiger, 1872), 525-526; 
quoting Blackwood's Hag., (Nov. 1858). 
(50) Boyd (1975), 44. 
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the Royal Hili tary Academy at Woolwich was £36 000. i'he staff of about 
fifteen included a professor of chemistry, C.L. Bloxam, who had earlier 
been a student at the Royal College of Chemistry in Oxford Street, and who 
contributed textbooks to the metallurgical-chemical literature of the period. 
In 1871 the Parliamentary estimates included £140 000 for military education, 
amounting to about one :per cent. of the amy vote. (51 ) It can be inferred 
that at Woolwich the properties of metals, and their practical applications, 
formed only a small and even incidental part of the instruction given to 
cadets, while at Sandhurst both the junior cadet college and the senior 
staff college were less concerned with such topics. 
Of greater direct relevance was the Advanced Class of Artillery 
Officers, formed at Woolwich Academy in 1864. Its aim was to provide high-
level instruction for officers who had completed at least six years' service 
and who might, at some future time, be put in charge of military factories 
such as the Royal Gun Factory, or Arsenal, at Woolwich itself. In 1868-69, 
six attended the two-year course. The 'chemistry' syllabus included the 
'metallurgic chemistry of iron', as well as the 'chemical principles of the 
manufacture and explosion of gunpowder ' • (52 ) At the inception of the 
Advanced Class, Dr. John Percy, in charge of metallurgy at the Royal School 
of ~anes, was appointed its lecturer on metallurgy, and he retained the post 
until shortly before his death twenty-five years later. In 1861 Percy 
served as a member of the secretary for war's commission on the application 
of iron for defensive purposes. The two-year course for the artillery 
officers included metallurgy in each year, a notice of c.1870 stating:(53) 
In connection with the instruction in metallurgy, the class 
visit each year some of the principal private establishments in 
England and ~vales, accompanied by Dr. Percy, FRS, the lecturer 
on this subject ••• 
The following processes are noted in the Royal Gun Factories: 
metallurgy of copper, tin, zinc, and their compounds; 
mechanical and chemical properties of gun metal. .L'letallurgy 
of iron oeo steel and alloys 000 
(51) BARNARD, Henry, op.cit., 522. 
(52) BARNARD, Henry, op.cit., 614. 
(53) BARNARD, Henry, op.cit., 614-615. 
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( 149 ) 
'of cast guns ••• of built-up guns, welding, etc. 
The steam hammer. Turning, boring, rifling o •• ' 
In 1889 John Percy was succeeded as metallurgy lecturer to the Royal 
Artillery College by a former student at the School of ~~s, Hilary Bauer.Man, 
ARSM, who was examiner in mining for the Science and Art Department. 
Bauerman. resigned in 1906, but du_i"illg the Great 't/ar the metallurgical 
association with the Royal School of ltines continued, although the 
instruction was given within the school's department of metallurgy in South 
Kensington. Not only was 'metallurgy' recognised as one of the branches of 
study in the Advanced Class, but metallurgical laboratories were eventually 
installed in the Red Barracks at Woolwich, 'and the subject gradually became 
amalgamated in chemistry and shared in its development•.< 54) The Royal 
l4ili tary Academy itself closed with the advent of war in 1 939, and the 
)lilitary College of Science, as the Royal .Artillery College had become in 
1921 , was dispersed. Honver, by 1950 advanced technical instru.ction for the 
army, in continuance of tha~ formerly provided at Woolwich, was established 
at the Royal Hilitary College of Science at Shrivenham in Wiltshire, where 
students were prepared for London external B.Sc. degrees in engineering. 
A department of chemistry and metallurgy included qualified metallurgists 
headed by an associate professor. 
As far as the Royal Navy was concerned, in 1851 a naval college for 
commissioned officers was in existence at Portsmouth.< 55 ) Formal instruction 
was supplemented by encouraging officers to study at Woolwich or Portsmouth 
dockyards.< 56) There were in addition, from 1843, dockyard schools for the 
general instruction of apprentices in the yards: in 1859, at the five schools, 
461 apprentices were enrolled together with 599 'factory boys' who attended 
mainly in the evenings. With the aim of 'securing a body of educated and 
skilful engineers', the Admiralty's efforts were concentrated in the schools 
at Portsmouthp Devonport and Sheerness.(5?) 
(54) JOCELYN, J.R.J. HOGG, O.F.G. and CADDY, J.A., Some notes on the 
(55) 
histo of the advanced class 1866 - 1 • 
London: General J.'ieeting of Advanced Class Di.nner Club, 
no date, c.1955), 13. 
Copy kindly provided by Dr. A.E.W. Smith, 1981. 
NICHOL, Rupert and YO.BK, Alan RNEC 1880 - 1980 (Royal Naval 
Engineering College}. (Plymouth: Thunderer Publns.,1980), 4. 
Copy kindly provided by Commander G.C. George, RN, 1981. 
(56) BARNARD, Henry, on.cit,, 
(57) BAlU~ARD, Henry, on.cit., 
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Another relevant development, which took place in 1864, was the 
opening in South Kensington of a Royal School of Naval Architecture and 
11arine Engineering, sponsored jointly by the Admiralty and the Institution 
of Naval Architecture.C 5e) To house this school there was erected one of 
the first buildings on the new 'South Kensington' site, situated on the east 
side of Exhibition Road. When after less than ten years' occupation, in 
1873 the School of Naval Architecture removed to Greenwich, where it was 
joined by the old Royal Naval Academy from Portsmouth, the vacant building 
became the home of the science classes transferred from the £;Iuseum of 
Practical Geology in London's West End. Consequently it became known as 'the 
Huxley Building'. At first, a three-year course was offered by the School 
of Naval Architecture, but this vas extended to four years in 1868. The 
subjects studied included 1 chemistry and metals' in the first year, and 
'strength of materials' in the second. Successful students were awarded 
diplomas of Associateship or, at a higher grade involving independent work 
in design, Fellowship. In 1869 fifteen engineers and fifteen shipwrights, 
comprising three quarters of the forty students at the school, were sponsored 
by the Admiralty. In the 1870-71 session thirty-two students entered the 
Royal School of Naval .Arch.i tecture from dockyard schools. (59) '1'-llo students 
who won Admiralty appointments to the Royal School of Naval Architecture in 
its opening year had been apprentices in the Devonport dockyard. One 
subsequently progressed to become director of naval construction: Sir William 
Henry White, KCB, FRS, who, some time after his retirement in 1 902, was 
elected president of the Institute of Natala. 
By 1926 there were four dockyard schools for apprentices, at Portsmouth, 
Devenport, Chatham and Sheerness. 
were among the half-dozen subjects 
stated,C6o) that all 
In the upper school, 'heat and metallurgy' 
of both second and fourth years. It was 
'higher technical posts in the ••• Dockyards ••• and in the 
Naval Construction Department at the Admiralty, are filled by 
members of the Royal Corps of Naval Constructors • • • recruited 
mainly from Dockyard Apprentices, who ••. have been awarded 
(58) ROBERTSON, PaulL., 'Technical education in the British shipbuilding 
and marine en~neering industries, 1863-1914'. Econ.Hist.Rev., 
vol. 27 (1974), 230. 
(59) BAIUURD, Henry, op.ci t., 653-654. 
(60) COHMIT~EE ON IliDUSTRY AND TRADE, ?actors in industrial and com:nercial 
efficiency (London: E}1SO, 1927), 152-153. 
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'Admiralty scholarships tenable at the Royal Naval College, 
Greenwich ••. ' 
Until after 1950 the Royal Corps of Naval Constructors, which came 
into being in 1883 and had responsibility for the 'design, construction and 
repairs made to ~1 ships' continued to obtain its recruits from those who had 
spent two or three years at the Royal Naval College in Greenwich.( 61 ) 
In the 1930s, the staff of Greenwich Royal Naval College included a professor 
of chemistry and metallurgy, Dr. Brame, known widely for his textbook on 
'fuel', while in 1955 Dr. A.G. Dowson was to be appointed professor of 
metallurgy.( 62 ) However, subsequently much of the work of the former 
department of chemistry and materials under Professor Dowson was to be 
transferred to the Royal Naval Engineering College at Nanadon near Plymouth;( 63 ) 
this establishment grew gradually from the 1940s, augmenting and later 
incorporating the RN Engineering College at Keyham which had previously 
provided specialist engineering courses for the navy. Instruction in 
'materials' was to continue to contribute significantly to the courses.< 64 ) 
Allied to the British naval and military academies in the later decades 
of the nineteenth century by the growing needs of superintending an empire, 
was the Royal Indian Engineering College, established in 1871-72 by the 
secretary of state and members of the Council of India despite opposition 
from the handfUl of existing institutions for engineering instruction. (GS) 
Situated at Coopers Hill at Englefield Green close to the Thames, where 
property was bought for £55 000, the object of the new institution was to 
provide well-trained engineers for Indian services, by a three-year course. 
In 1906 however, after an active life of only some thirty years, the college 
closed, its demise being due to several factors which included high cost) 
changing demand, and growth of other appropriate engineering courses.( 66 
(61) DENT, H.C. (ed.), on.cit., 691. 
(62) Bull.Instn.Metallurgists, vol.5, no. 6 (May 1955), 20. 
(63) CARTER, J.H., personal communication, 1978. 
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Compared with naval and military experiences, aeronautics arrived on 
the scene only at 3. late stage. In conjunction with the Royal Aircraft 
Establishment, at Farnborough a technical college was founded in 1918 
'to train young men and women for employment as aeronautical engineers and 
technologists', but evidently it was not at that time successful, for it 
was 're-constituted' in 1944. At Farnborough in the late 1950s, five-year 
day courses 'sponsored by the r-an1stry of Supply' were to lead students to 
the academic qualification of London external B.Sc.(Eng.). At that time there 
were to be on the staff eleven 'chief lecturers' but, to judge by the titles 
of their posts, none was primarily concerned with metallurgy. It seems 
probable metallurgy would be dealt with within one or other of the departments 
of mechanical engineering, aircraft structures, or chemistry and plastics 
technology.< 67) In the years around 1940 at least one qualified metallurgist 
was employed by the Royal Air Force as 'lecturer at the school of aeronautical 
engineering•.< 68 ) 
During the war of 1939-45, a committee was set up by Sir Stafford Cripps, 
and chaired by Sir Roy Fadden, to make proposals for a post-graduate 
institution of aeronautics. Resulting from this, in 1946 the College of 
Aeronautics was created at Cranfield near Bedford. Initially a 'materials 1 
section formed part of the production department, metallurgical instruction 
being provided by a single lecturer, but in 1957 the section was to be 
superseded by a separate department of materials headed by Dr. A.J. Kennedy 
at professorial leve1.( 69) 
Government military establishments in the second half of the nineteenth 
century provided significant proportions of the total numbers who entered 
for the examiDations for the Science and Art Department. The dockyard 
schools were acknowledged pioneers of 'technical education', albeit of a 
crude kindo During the 1870s the Royal Arsenal Mechanics' Institute at 
Woolwich accounted for more than a hundred annual entries in the Science and 
Art examinations, includiDg a handful for the subject of metallurgy. Around 
(67) DENT, H.C.(ed.), op.cit., 230. 
(68) VJrTIAN, A.C., Essential metallur~r for engineers 
(London: Pitman, 1942>,title page. 
( 69) KElUiill>Y, DR. A.J., personal communication, 1981 • 
( 153 ) 
1880 the other great gun factory, situated on the Tyne near Newcastle and 
run commercially by Sir William Armstrong, also encouraged metallurgical 
instruction. Later, the veteran of technical education, C.T • .l·Iillia, was 
to point to the fact that the Science and Art Department's choice of subjects 
and arrangement of syllabuses was influenced by the s taft of the naval and 
army colleges, 'who naturally had experience of the requirements of men 
needed for ••• dockyard and arsenal'.C 7o) 
At Woolwich in 1891 the council of the new Woolwich Polytechnic 
published its first prospectus, offering a total of thirty-eight classes, but 
noting that 'practical classes in chemistry and metallurgy will be continued 
in the Royal Arsenal, as before'. (71 ) However, in 1904 the secretary of 
state for war came to an arrangement by which the technical training of 
Arsenal apprentices was to be undertaken by the polytechnic. The Arsenal 
Trade Lads were given day release to attend the classes, and had to attend 
evening ones as well: these have been claimed as the first part-time day 
classes established in Britain, ( 72) although met.allurgy was not necessarily 
studied in them. ':Che ·ilar Office had set an example, but other employers in 
the neighbourhood were reluctant to follow it. Nonetheless, by 1913-14 
there were twenty-six from the Royal Arsenal attending the polytechnic on 
day release together with twenty-one from other employers: four years later, 
at the end of the Great Uar, 184 Arsenal apprentices were en:t"'lled on courses, 
and in 1920 the number had risen further to 199, supplemented by 45 
apprentices from other woxks. (73 ) At the time when agreement between the 
War Office and the '.ioolwich Polytechnic was reached, in 1904, full-time 
staff were appointed to a number of the polytechnic departments, displacing 
many of the former part-time teachers; a metallurgist, Godfrey Melland, ~!, 
who already had nearly ten years' teaching experience, was appointed to 
take charge of 'chemistry and metallurgy'. More than twenty years later, 
(70) MILLIS, C.T., T chnio 1 education its develonment and 
(London: Arnold, 1925 , 29. 
(71) BROOKS, Collin, An educational adventure a histo of the \loolwich 
Pol~echnic. Woolwich: the Polytechnic, 1955 ' 27. 
(72) BROOKS, Collin, o:g.ci t., 72. 
(73) BROOKS, Collin, ou.ci t., 82; 89-90; 100. 
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at a time of small demand for metallurgical instruction, particularly when 
coupled with chemistry, Melland retired and metallurgy was dropped. His 
successor as head of chemistry in the early 1930s was Arthur Vogel, D.Sc., 
who became known on a wider front for his several textbooks on chemical 
analysis. (74 ) 
During the Great War, the engineering and chemistry departments of Woolwich 
Polytechnic helped the national effort with munitions' production and the 
analysis of alloys.<75 ) Many other colleges throughout the country were 
also direct contributors to the war effort in a number of ways so that, at 
any rate for the duration of the emergency, the War Office or the Hinistry 
of Munitions became more imporlant than the Board of Education. In an 
article on 'Engineering colleges and the war', written jointly by the 
principal and the head of engineering at Northampton Polytechnic Institute 
in London and published by the Institution of Nechanical Engineers in the 
autumn of 1915, the ways in which help might be given were summarised as 
follows: ( 76 ) 
(74) 
'(1) the testing of war materials, for which the splendidly equipped 
laboratories of first-class technical colleges and technical 
departments of the universities are particularly well adapted. 
(2) the testing of new constructional details for military and 
naval purposes, which can also be well carried out in the same 
laboratories. 
(3) all kinds of chemical and metallurgical analyses and the 
analyses of new products for use for warlike purposes • 
. . . 
(5) general experimental work of various kinds in connexion 
with the numerous committees which have been, and are being, 
organised under the Hunitions Inventions Department, the 
Royal Society, and other public bodies. 
e.g. VOGEL, Arthur I., 
and practice. 
A textbook of uantitative 
London: Longmans, Green, 
(75) BROOKS, Collin, op.cit., 89. 
( 76) WALMSLEY, R. Mullineux and LARARD, C .E., 'Engineeri~ colleges and. 
the war'. ?rocoinstn.:·1echanical Engrs., l.Dec. 1915), 746. 
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1 (6) the requisitioning of individual members of the staff to 
give technical advice on subjects in which these individual 
members are specialists. 
(7) the training of drafts from the new armies in intesive 
short courses for special work. 
During the Great War, one of the barriers encountered in turning large 
numbers of unskilled workers on to work connected with munitions' production 
and shipbuilding was the obstructive attitude adopted by the engineering 
trade unions. However, in the University of Sheffield the metallurgy 
department made gauges for all kinds of munitions' work, (77 ) while the 
melting plant was used for the production of cupronickel and cartridge brass 
and for the training of melters. (78 ) Again, during the war of 1939-45 
the University of Liverpool's departments of metallurgy and mechanical 
engineering became the Air ~'linistry' s regional testing (en~re for weldments and 
other fabrication methods used for aircraft components. 79 
The European >iars of 1914-18 and 1 939-45 produced marked changes in 
Britain's general education. D.S.L. Cardwell has drawn a parallel between 
the impact on 'education, scholarship, and learning' of these two wars and 
that of the Napoleonic period when, 'at a low point in the military fortunes 
of Prussia, 'vlilhelm von Humboldt founded the University of Berlin (in 1809): 
••• the first significant event in the development of the German educational 
system. (SO) 
In the field of higher education, the wars led to empty university 
departments depleted in staff and, at least during the 1914-18 years, faced with 
(77) CHAPMAN, A.W., The sto of a modern universit a histor of the 
University of Sheffield. London: Oxford Univ.Press, 1955), 236. 
(78) DESCH, 
' 55o 
( 79) KEIDJETT , S • .J. , and !!laterials 
(80) CARDWELL, D.S.L., 'Science and world war I'. Proc.Royal Soc.LondtA, 
vol.342 (1975), 452. 
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severe financial crises caused by the curtailed inflow of students' fees. 
Both war-time episodes were however followed by years of abnormally-high 
student numbers, Government providing grants to enable many people who had 
served in the forces to spend periods receiving tuition. ·J:hese grants for 
'further education and training' produced, around 1920 and again in the 
late 1940s, bulges in the numbers graduating in metallurgy as in other 
disciplines. In the late 1940s too, school~leavers were given incentive 
enrol for university-level instruction because involvement in such advanced 
courses led to deferment from conscription for national service. The two 
major wars, moreover, increased the national standing of the universities, 
both by virtue of the work they did during the emergencies and by the 
contributions it was felt they could make to the post-war scene. 
Britain's military predilections had substantial influence upon the 
extent of metallurgical instruction available throughout the hundred years 
from 1851 • Stelll!ll:ing from increasing and virtually-unavoidable military 
dependence upon metals, this influence was applied in several directions. 
to 
In order to improve the nation's military capability, research into metals 
and other materials was prosecuted by the various appropriate sectors of the 
army, navy and, latterly, air force, both within their own service 
establishments and at other places, including academic departments. Arising 
from these researches came considerable numbers of publications contributing 
significantly to the extension of metallurgical knowledge. Job opportunities 
for metallurigsts were created not only in connection with the research 
programmes but also by State demands for production and fabrication of large 
quanti ties of materials for mill tary Pllrposea. Particularly in the years 
after 1940, employment prospects either directly or indirectly on behalf of 
mill tary endeavours encouraged students to undergo instruction in metallurgy. 
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CH.A.PTER 7 
INDUSTRY'S PART IN PROHOTING !•IETALLURGICAL INSTRUC'riON 
Evidence is scant concerning the promotion from within industry of 
facilities for metallurgical instruction in the first 70 years of the period 
between 1851 and 1950; during the remaining 30 years after 1920, considerably 
more was recorded on the subject. Those engaged within the industry were 
'doers' and so it seems reasonable to suppose that, unlike both the agents of 
Governments and individuals trying to supply instruction from motives of 
livelihood or altruism, they would not wittingly prepare detailed documents for 
posterity. The lack of written pronouncements does suggest, however, that, 
at any rate until after 1920, industry did not do ver;r much to forward formal 
instruction. 
For anyone trying to determine the extent of industry's help, the 
situation is confused by the blurred dividing line between 'industry' on the one 
hand azdindividual industrialists and learned societies supported by 
industrialists on the other. In fact, from the available evidence it is 
concluded that the major part of promotion by industry was channelled throu~~ 
societies like the Iron and Steel Institute and the Institute of Hetals on a 
national level, and by similar organisations in the regions, for instance, the 
Cleveland Institution of Engineers. 
British metallurgical industry may be regarded as divided into four sectors, 
two for non-ferrous metals and two for iron and steel. The two non-ferrous 
sectors would cover metal extraction and metal fabrication and treatment, 
while the corresponding divisions fer iron and steel would comprise production 
including rolling to shapes, and fabrication such as the pressing of motor-car 
bodies and the founding of castings. Of these sectors, by 1900 that of 
non-ferrous metal extraction bad declined relatively to small proportions, a 
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state of affairs which was to persist through the whole of the first half of 
the twentieth century and right up to the present time. From the domestic 
portion of the smelting industry there was thus little demand for metallurgists, 
although British finance was closely and substantially involved in the pursuit 
of such activities overseas. It was this overseas involvement in non-ferrous 
extraction, coupled with the mining of ore deposits, which served to maintain 
some demand, albeit small, for metallurgists trained at the Royal School of 
Hines and, after 1900, for graduates from the tlniversi ty of Birmingham. 
By contrast with the non-ferrous extractive sector, British iron-and-steel 
making on a large scale was done within the country, although for much of the 
period after 1875 this sector was in a state of gloom occasioned by less-than-
buoyant markets. The Great War of 1914-18 provided a time of welcome high 
demand, which was succeeded by conditions of depression until around 1937, 
when the markets began to improve considerably under the impetus of the national 
re-armament programme. Even after the change of economic outlook in the late 
1930s, however, this sector of the industry, rightly or wrongly, continued to 
have the reputation of being little interested in sound technical control of 
its wor.kings, ldth the concomitant expense and inconvenience occasioned by 
hiring well-informed technologists and taking notice of their views. 
The remaining two sectors of British metallurgical industry, one for 
ferrous metals and the other for non-ferrousJ were both concerned with the 
forming and shaping of metals to yield useful products, rather than with their 
production. Some parts of these 'secondary' sectors tended to operate in 
relatively-small units which were made possible by the nature of their l'I'Ork. 
It was in·these sectors that a good deal of growth was shown with the passing 
years, as the volume of products turned out increased, and the range of 
materials employed became wider. 
By tradition established over many centuries, as with other crafts, those 
who produced metal and those who worked it kept the practical details of their 
procedures and businesses to themselves. Professor ~.H.G •. ~ytage has cited 
the case of Benjamin Huntsman, the Doncaster clockmaker who, in the 1740s, 
had found a successful way of improving the quality of steel. Huntsman 
declined an invitation to address the Royal Society on the subject, but even 
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so his secret~eaked out and was profitably developed by others.( 1) In 
similar way it seems likely that during the eighteenth century the secret 
of making steel by the cementation process had been carried from the small 
works in .North-east England to Sheffield, where it formed the basis for 
Sheffield's industry. 'l'o some extent, the secretive attitude is still to be 
found throughout a wide spectrum of commercial metallurgical activity but, as 
a prerequisite of experience w1 thin the industry, in the period. since l851 
the value of formal academic instruction has slowly come to be recognised. 
Formerly, technical knowledge could only be obtained 'on the job', by keeping 
company w1 th those who were already 'skilled in the art' • 'lb.is traditional 
handing-on of knowledge from father to son, or from master to apprentice, in 
favourable conditions could function effectively. In the reign of Elizabeth I, 
in 1563 the Statute of Artificers had laid down that 'every craftsman in 
England had for seven years to learn his craft under a responsible master'. 
At the end of this time, the man was at liberty to marry, and entitled either 
to practise the trade independently or 'to become a journeyman for hire•.(2) 
However, with the substantial changes in demand for skilled labour that had 
come about during the latter part of the eighteenth century it had been found 
convenient to suggest, judicially, that new crafts were exempt from the 
statute, and in 1814 the Elizabethan Act was repealed. 'By this date, in 
all-too-many cases, 'apprenticeship had turned into forced labour', so that 
'it has been said that the industrial revolution was built on tho slavery of 
infants' and 'the factory system degraded the mediaeval craft apprenticeship'. (3) 
Nevertheless even if, in the industrial turmoil and growth of the 
opening decades of the nineteenth century, the concept of training by 
apprenticeship had become largely abandoned or abused, for some purposes, and 
particularly for skilled crafts, the apprenticeship system continued in use. 
Until after 1950 it was a recognised method of entry to trades connected with 
the metal industries, such as fitting, bricklaying and turning, as well as to 
( 1 ) 
(2) 
ARl·iYTAGE, W .H. G., 'Some sources :for the history of technical education 
in England'. Brit.Jrnl.Ednl.Studies, vol.5 (1957), 79; quoting 
E.\i. Hulme, ''The pedigree and career of Benjamin Huntsman'. 
Trans.Newcomen Soc., vo1. 24, 37-48_, (1943-44-)o 
HU1~TE.~, Donald, The diseases of occupations. (London: Hodder and 
Stoughton, 6th edn., 1978), 24. 
(3) PETERS, A.J., •·rhe changing idea of technical education'. 
Brit.Jrnl.Ednl.Studies, vol.11, no. 2 (Hay 1963), 143. 
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the business side of the enterprises, including management. In her study 
of certain British industrialists, Charlotte Erickson found that nearly 
one fifth of 'steel manufacturers' in the second half of the nineteenth 
century had entered their careers by way of apprenticeships; by the 1930s, 
however, the proportion had fallen to little more than one twentieth. By 
these later years, academic training had come to be significant. (4) 
The length of time required for 'serving' an apprenticeship also came to 
be generally reduced from seven years to four or five years, and in some 
instances ended on the 21st birthday. ·rhus, around 1880 a common time for an 
engineering apprenticeship was five years, although numerous commentators 
agreed that the activities pursued during these five years were often mostly 
a waste of time and a source of cheap menial labour. (5) As late as 1905 an 
instance of a seven-year apprenticeship is recorded for John Rogerson's 
iron-and-steel foundry at \'lolsingham in County Durham, when a lad of fourteen 
was taken on as an apprentice patternmaker for such a term, being paid 4s. 
(£0.20) for a six-day week, 9t hours a day. (6) 
Light on the attitude to,o;ards training held by some of the Sheffield knife 
and scissors makers in the early 1880s is shed by the recorded evidence of 
J. Willis Dixon, president of the town's chamber of commerce, when interviewed 
by the Royal Commission on the Depression of Trade and Industry. In reply 
to the question of how he, as a manufacturer, discharged his responsibility 
for ensuring that youths learnt their trades during their apprenticeships, he 
stated that in effect he had no responsibility: apprenticeships were attached 
to workmen not to masters, and the masters had nothing to do with the way the 
arrangements worked. (7 ) 
Fortunately there were others who took their responsiblities more seriously. 
Bernhard Samuelson had started in engineering before 1850 and, according to 
(4) ERICKSON, Charlotte E., 
1850-1950. 
Bri tish.._industrialists: steel and hosie 
Cambridge: Cambridge Univ.?ress, 1959 , 42-43. 
(5) ROBER'l'SON, Paul 1., ''l'echnical education in the British shipbuilding 
and marine engineering industries, 1863-1914 1 • 
Econ.Hist.Rev., vol.27 (1974), 225. 
(6) ANON. '"~history of the riiolsingham Steel Company Ltd.' (unpubl.typescript). 
Supplied in 1977 by ll1r. '1'. Armstrong, director and commercial 
manager, \iolsingham Steel Works. The man whose evidence 
is quoted ~as interviewed in 1969. 
(7) ROYAL COMMISSION ON TRZ DEPRESSION OF 'i'RADE AliD I:N'DiJS'I'RY, Second renort 
••• with evidence md a TJendix -:)art 1. (London.: .ffi-IS0,1886), 
ParliamentarJ Papers vol.21 1836, Cd. 4715, 20-21. 
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one view, as chairman of the Royal Commission on Technical Instruction, he 
1 edited the whole of the Royal Commission report of 1884 with a view to bringing 
out the advantages of apprenticeship'.(S) Yet to him is attributed the 
damning comment, published in 1909, several years after his death, that 1 there 
has been very little teaching by skilled workmen to apprentices within my time'.(g 
In a substantial proportion of apprenticeships it was implicit that a fee, 
or 'premium') be paid on behalf of the apprentice or trainee by his relatives. 
This condition severely restricted the numbers of those able to seek 
apprenticeship. At the same time, such premium apprenticeship, or pupillage, 
was long recognised as an appropriate means of learning a profession or skilled 
occupation. In the nineteenth century, and continuing to a lesser extent in 
the first half of the twentieth, responsible positions in the metallurgical 
industry were sometimes gained after following the path of pupillage to an 
established practitioner. 
While engineers commonly took pupils in this way, so did some chemists. 
One of the latter was J.E. Stead, who had served his own pupillage in the late 
1860s with J. Pattinson of Newcastle-upon-Tyne, a practising chemical 
consultant; by 1880, in :partnership with his erstwhile teacher, he set up a 
Hiddlesbrough o:f':f'ice and laboratory. Stead was closely associated with tha 
iron-and-steel industry nationally, and in the 1890s he engaged each year an 
average of one new pupil or apprentice. Such a pupil, over the course o:f' four 
years, received 'a rigorous training and a vast amount of responsible practice 
in the analysis of all ratr materials, products and byproducts of iron and steel 
manufacture'. normally he was paid nothing in the first year and, in the 
following three years of apprenticeship, 2s. 6d. (£0.125), 5s. (£0.25), and 
7s.6d. (£0.375) respectively, each week. At the end of this time the young 
man was paid 20s. (£1.00) weekly as an assistant in the laboratory for any short 
period before he left. Stead had no difficulty in placing his pupils as 
iron-and-steel works 1 chemists, and undertook to do so, their large experience 
in industrial analysis being a valuable qualification. At the close of the 
nineteenth century he expected his 'graduated' pupils starting jobs as works' 
chemists to be paid £100 a year. ( 10) Stead himself was widely knmm as a 
(e) HUSGRAVE, P.r.v., ·rechnical cha "'e the labour force and education ••• 
1860-1964. Oxford, etc.: Pergamon Press, 1967 , 92; 
quoting P. MAGNUS, Educational aims and efforts, (London, 
1910), 33. 
(9) 
( 1 o) 
ROBERTSON, PaulL.,~ op.cit., 225 fn.; 
quoting ROYAL COI-ll>IISSION ON TEE POOR LJUI', Report, Parl. 
Papers vol. 37 (1909), 348-349. 
HOORE, Harold, 'Some recollections'. The Metallurgist, 701.1, n.o.1 
(Jan. 1960), 30, 32. 
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consultant on all matters connected with iron-and-steel chemistry and, 
particularly during the years between 1890 and 191 O, he was a leading 
international figure in the development of the study of visible metallic 
structures, or metallography. 
At any !)Sriod throughout the century 1851 - 1950 there were several 
established figures like Stead who were prepared to accept pupils, give them 
good practical training and, by their standing and influence, secure industrial 
posts for them. The early full-time college courses in metallurgy largely 
adopted a similar pattern of paternalism, for instance those in London at the 
Royal School of Mines under Dr. J. Percy, in Sheffield under J.O. Arnold from 
about 1890, and in Bi.rmi.ngham soon after 1900. The fact that student numbers 
were small aided the success of such systems, and the paying of fees, whether 
for attending a regular college class or for being attached to a works 1 manager, 
heightened the similarity. 
Even with small numbers, however, there could be difficulty for the student 
in obtaining an industrial job at the end of his college course. In a narrow 
and restricted market, there was great need for influence. One example ''~as 
Percy c. Gilchrist, who graduated from the Royal School of ¥~nes in 1871, but 
did not take up work as a steel-works' chemist at Cwm Avon in South \'l'ales 
until around 187.5"; once inside the industry, he was able to negotiate a move to 
another works the following year. Hore than half a centu:cy- later, in the 
depressed years around 1930, new graduates at the Royal School of Hines, while 
waiting for possible jobs to appear, were still having to accept repetitive 
short-term laboratory work done for the staff. It was because of the difficulty 
experienced by an outsider in getting into a works that the metallur~J course 
at the school laid great emphasis on practical assaying and metallurgical 
analysis: it was believed, probably correctly, that competence in such 
manipulative yet essential work would help the graduate to obtain a job 
within industl"'J· Similarly, the mining course at the school placed major 
stress on surveying. Urot until after 1950 did the school's authorities consider 
that the limited time available for instruction should be re-distributed, ;ri. th 
less weight placed upon mine surveying or metallurgical analysis~ Once the 
individual, armed ·~th his college instruction, had obtained a toehold ~ri.thin 
industl"'J, it was left to him to improve his position by whatever personal 
~ualities or other appropriate means he could muster. 
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Turning again to consider the wider range of jobs offered in metallurgy, 
during the Great i:/ar certain members of the iron-and-steel industrJ expressed 
themselves firmly in favour of providing technical instruction for youths 
beginning employment. These industrialists made up the majority of the Board 
of Trade's committee convened 'to consider the position of the iron and steel 
trades after the war', and they reported 'a growing feeling of dissatisfaction 
with the lack of systematised technical education upon a scale commensurate 
'th d fth. d t l'd t' ,( 11 ) 1n nee s o e ~ron an s ee ~n us rJ.es • Recognising that the t1·ro 
years between leaving school at fourteen and entering the >rorks at sixteen were 
'worse than useless' educationally, the committee members recommended that the 
limit of school age should be raised from fourteen to sixteen. They 
suggested that a feasible way in which this might be done would be for youths 
to enter employment at fourteen in the steel industry under a seven-year 
service agreement with a particular employer. For the first two years of this 
period the young employee would continue to attend school, where the subjects 
would include science and mathematics, and during the5e he would receive a 
small weekly payment. Then, at sixteen, he would transfer into the industry 
but, during the next two years, attend technical classes for some six hours 
weekly as part of his 'general apprenticeship': once the age of eighteen had 
been reached, it 1>as deemed desirable that 'further education in technical 
subjects should be given only to those who have given ample proof that they 
~ikely to derive benefit from such instruction•.( 12 ) 
The committee's members also expressed themselves in favour of a 
considerable extension of technical training 'of the university tY;?e 1 , ld th a 
suitable teaching institution established in each large industrial centre, and 
with close liaison between industry and the institutions. The report realised 
that it would be necessary to ~rovide for the ejection at various stages of 
those unlikely to profit from continued education.C 13 ) 
( 11 ) DEPAR.THEllT.U COMMITTEE ON IRON A.J.'ID STEEL, Report • • • to consider 
the osition of the iron and steel trades after the waro 
BHSO, 1918, Cd.9071, 39o 
(12) DEPAE.'fl!ENT.AL COHMITTEE ON' IRON AND STEEL, ou.cit., 41. 
( 13) DEPA.RT~·IEH'TAL COHMITTZZ ON IROJII AlfJ STEEL, lee. cit. 
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These recommendations were submitted to the !)resident of the Board of 
Trade, the Right Ron. Sir Albert H. Stanley, MP., in 1918. Did the steelmakers 
who formulated them really belive that, within their lifetime, there was any 
likelihood of their being implemented? Did their proposals for wider education, 
both general and technical, for new entrants to the industry reflect views which 
some of them had held for any longer than the last few war-time years? No 
answer can be given at present to these questions, but it is undeniable that, 
following more than a decade of difficult trading conditions, British steel-
makers received great prosperity as a result of the war-time demands for their 
products. Consequently, encouraged by Government promises of a 'better world' 
once the war was won, the members of the Board of Trade's committee might 
well have been tempted to take a beneficent view of the situation in the near 
future. They did state their belief( 14 ) 
'that economic rearrangements which affect the family budget will 
be less felt now than at any previous time, and ••• that the 
greater burden laid upon the employer will ultimately tend to his 
advantage•. 
In the event, legislation was enacted in 1918 to raise the school-leaving 
age, but it was brought to nought by the adverse economic conditions of the 
1920s. In similar way, little was to be done towards implementing these 
sweeping ~roposals until another generation had come and a second major war 
had taxed the technological resources of the nation to the utmost. Nonetheless, 
despite the fact that economic depression after 1920 greatly retarded· 
realisation of moat of the proposed de~elopments in technical instruction, 
some ~rogress was made: substantially-more evidence is available for the 
post-war :r:eriod than for the preceding 70 years. Perhaps the Great ';iar 
afforded an op~ortunity for the crystallisation and enunciation of views which 
had been slowly evolving among certain industrialists in the ~receding one or 
two decades. 
In 1920 the president of the Iron and Steel Institute ~'l'as Dr. J .E. Stead 
of Middlesbrough, an ardent campaigner for technical instruction. In his 
lengthy presidential address he noted how Professor \lillia.m Ripper of Sheffield 
university had recently remarked upon the contrast between the position of the 
( 14) DEPA ... 1.T!•!ENTAL COHEITTEE ON IRON AND STEEL, loc. cit. 
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works' chemist then and in the 1890s, when( 15 ) 
'many of the metallurgical companies in Sheffield did not recognise 
the value of the metallurgical chemist ••• (while) to-day nearly 
every works :b..ad trained chemists, and many of them had perfectly 
equipped research laboratories'. 
Dr. Stead recalled that in the Teesside iron industry nearly half a century 
earlier, in 1875, only three works considered the services of a chemist to be 
~torthwhile, whereas in 1920 'none, excepting perhaps the smaller foundries, 
are without their chemical staff'.( 16 ) Giving heartening indication of 
changing attitudes towards technical instruction which might be found among 
the workers themselves, he related how, at the suggestion of John Hodge the 
union leader and first Minister for Labour, it had recently been arranged for 
him to give a course of lectures for members of the steelworkers' union 
employed at Dorman Long & Co's new Redcar works. Heanwhile, at another 
Cleveland works, the Skinningrove Ironworks, the workmen were said to be 
encouraged to attend lectures on technical subjects, and helped to do so by the 
works' manager and managing director. Two Sheffield works were also cited: 
~fessrs. Brown Firth, where worlanen's technical meetings took place in a lecture 
theatre of the extensive research laboratory, and Brown Bayley's Steel ~'iorks 
Ltd., where a Ferrets' Society had been established to promote discussion and 
investigation of technical matters connected with plant practice. (17) 
Dr. Stead, continuing his address in 1920, went on to speak of 'education' 
for the staff of works, mentioning the fact that only the previous year, in a 
letter to the press, Sir Albert Stanley had suggested 'that large undertakings 
might give more attention to the training and development of their employees'. 
The speaker commented that in the past the training and development of staff 
and workmen had been uncommon, and that industry had devoted little expense 
or effort to encouraging employees to equip themselves with suitable technical 
knowledge. He told his hearers that( 18) 
(15) 
( 16) 
( 17) 
( 18) 
'Education is therefore imperative: primary, secondary, and 
technical education for the youth of the country; and 'ii'hat has 
STEAD, J • .3., 'Presidential address'. Jrnl.Iron Steel Inst., 
vol.101 ( 1 920), no .1 , 85. 
STEAD, 7 ~ u • .u. , loc.cit. 
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been sadly neglected in the past, the after-education of 
the graduates when they enter the works. • • • knowledge ••• 
gained (in the works) must be supplemented continuously by study'. 
This theme was to be echoed by others in their presidential addresses. 
For example, a few years later, in 1927, the president of the Staffordshire 
Iron and Steel Institute remarked in the course of his address that 'It should 
be the aim of emgloyers to encourage the youths in their employ to attend 
technical classes and thereby get a knowledge of the technical side of the 
trade ' • ( 1 9) 
Also in 1927, there was published part of a report of a Governmental 
enquiry, that of the Committee on Industry and Trade, chaired by the steel 
merchant Sir Arthur Balfour, KBE. This devoted a chapter of 130 pages to the 
subject of training and recruitment in the various sectors with which it was 
concerned, 'iron and steel' comprising one of its four main divisions. In 
the case of 'operatives', the report observed mildly that 'technical training 
is probably less insisted on at present than is altogether good for the 
industry'. (2o) 
~e committee noted that gifts of money or equipment had been made by 
firma to assist teaching laboratories, but at the same time found that in 
England there was 'practically no provision' for formal instruction suitable 
for foremen and others in positions of minor works' responsibility, and that 
evening schools for boys aged between fourteen and sixteen in iron-and-steel 
districts did not lead on to specialised classes. In Scotland, however, 
situation was less barren, with substantial numbers of classes in existence 
the 
in iron-and-steel districts, and individuals having so~e opportunity to proceed 
to the chief cotmty centres, for example r~otherwell and Coatbridge, where the 
principles of iron-and-steel manufacture could be studied, together with 
chemistry and mechanics. From these centres in turn, it was considered 
possible to ~roceed to classes at the Royal Technical College in Glasgow. 
The Balfour committee explained the paucity of ~nglish technical classes by 
( 1 9) WILKTifSON, F. S. , 'Presidential address ' • 
Proc.Staffs.Iron Steel Inst., (Oct.1927), 6. 
(20) COHMITTEE ON INDUSTRY Al:l'D TRADE, F!ietors in industrial and commercial 
efficienc bein -;,art one of a surve · of industries ;nth 
and introduction bv the co~ittee. london: ~~0,1927, 201. 
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the facts that during the latter half of the nineteenth century greater 
encouragement had been given to science than to technology, and that there 
had taken place 'changes in the organisation of industry'; for these reasons, 
the growth of instruction had been largely confined to the professional sector 
with neglect of artisan training. (21 ) 
As far as the advanced, or staff, levels were concerned, the Balfour 
committee was able to report that courses of metallurgical instruction were 
available at a number of places. Hetallurgy departments were found at 
several institutions in London, and at Wednesbury and Wolverhampton, while 
classes were said to be held, and equipment provided for use, at ~·ti.ddlesbrough, 
'tforkington, Smethwick, and Frodingham. In Scotland, metallurgical courses 
and facilities at the Royal Technical College, Glasgow, were given favourable 
comment. (22 ) 
The confusion that then existed in distinguishing between 'metallurgy' 
and 'chemistry' is illustrated by the comment that, in addition to 'the 
principal universities in England and Wales', technical schools at Sheffield, 
Hanchester and Birmingham offered part-time courses in metallurgy together irl th 
full-time day courses in chemistry. These latter 'may or may not include 
iron and steel or metallurgy among the subjects of instruction, but in any case 
they provide a sound training in chemistry and allied subjects'. (23 ) 
Concerning the effectiveness or otherwise of the formal metallurgical 
instruction in existence, the 1927 report of the Balfour Committee on IndustrJ 
and Trade was somewhat equivocal. It observed that, because of the industrial 
depression, demand for such instruction had decreased during the last few years. 
At both the subordinate and higher-staff levels, the supply of suitable 
applicants for work in the iron-and-steel industry exceeded demand; in part, 
the oversupply of academically-qualified men was attributed to the normal 
output from the universities four or five years previously, immed:t.atety 
following the war. At the same time, and somewhat contrarily,however, it Has 
declared that within the last few years the iron-and-steel industr] had come 
(21) COI-HIITTEE ON INDUSTRY AHD T.M.DE, on.cit., 202. 
(22) CONHITTEE ON TIWUSTRY .AND TRADE, on!cit., 201. 
(23) GOI:JU~TEE Ol'I DTDUSTRY .UlD TRADE, loc:.cit. 
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to realise that 'traditional methods must be replaced by those based on the 
recent remarkable developments in metallurgical science'. As a consequence, 
demand for 'young metallurgists with the highest scientific qualifications' had 
been relatively brisk, and had even sometimes outstripped supply.( 24 ) 
In another section of its reports, the Balfour committee affirmed that in 
recent years the iron-and-steel industry had been criticised for failing to 
offer inducements sufficient to attract 'men of the highest technical or 
commercial ability'. It then went on to observe that, according to the 
evidence of manufacturers, tlwre was at the time 'a much greater tendency than 
formerly' to appoint selected young men of good education to posts. (25 ) As 
P.W. Musgrave noted more recently, science graduates began to be recruited 
to British industry relatively commonly in the 1920s, although a similar interest 
in the employment potential of arts graduates, especially in the steel 
companies, appears only to have emerged after the war of 1939-45.( 26 ) 
A.s far as the training of general labour for the iron-and-steel industry 
is concerned, it was emphasised that brawn and staying power, coupled with 
experience of the work to be done, were of greater value than high technical 
qualifications. Referring to the main branches of the industry and the 
generality of labour, evidence of the Ironand Steel Trades Confederation in 
the mid-1920s was that (27) 
'There is no kind of apprenticeship at all. ·rhe ••• industry is 
an open gate where anybody with the physical ability and health 
can come in and take up labouring work Re gradually ••• 
finds his way into one or other of the different departments of 
the industry ••• and permanent occupations.' 
A.t that period, the proportion of unskilled labourers ranged be~~een one third 
and t"Ao thirds • In fou_~dries, skilled men were required for ?attern meking, 
core making, and moulding; at least in some sectors, five-year ~pprenticeships 
for the foundrJ trades w·ere comz.on. 
(24) COHHITTEE ON HIDUSTRY AND TRADE, loc.cit. 
(25) COI;JUTTEE ON INDUSTRY AND '.:'RA..DE, Surve r of metal industries ••• bein 
uart 4 of a survey of industries. (London: HIJSO, 1 928 , 
(26) :'iUSGRA.VE, P.li., '"I'b.e ed.ucational profiles of management in t1.;o .Sri tish 
iron and steel companies ""i th some comparisons, national and 
internatioMl'. Brit.Jrnl.Indust.Relations, vol.4 (1S:66), 210. 
(27) COI-:iGTTSE ON IHDllSi'RY ;Jm 'l'R..'1.DE, part 4, ou.cit., 38. 
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Two or three years after publication of the Balfour committee's findings 
there was issued, in 1930, a report on 'Education for industry and comoerce' 
in the ':lest Midlands metal-working area. Unlike the Balfour reports, which 
metallurgically were concerned solely with the situation in the iron-and-steel 
industry, the 1930 pamphlet prepared by the Board of Education considered 
technical instruction for all trades in the specific area; moreover, in the 
\vest ~·lidlands these embraced a wide range of metals and their treatment. It 
was remarked that in Birmingham there were more people engaged in metal working 
than in any other English to,~, while in Smethwick, 'nearly half the occupied 
male population ••• (were) metal workers, mainly concerned with non-ferrous 
metals ••• brass, zinc, copf~~) tin and aluminium, but also with the making 
of bolts, nuts and screws'. 
On the side of progress the 1930 pamphlet reported that since the Great 
¥ar co-operation be~~een industry and schools had increased considerably, and 
that employers frequentlrpaid the fees of students attending evening classes. 
In addition~ adviso~J committees involving industrial representatives had been 
established in several centres; these had had theeffects of helping colleges 
to offer sui table curricula, encouraging young industrial workers to attend 
college classes, and supplying equipment for college laboratories. Such 
advisory committees had been set up in Birmingham for subjects including 
plumbing, metal-plate work, and gun-making, and at West Bromwich for engineering. 
Discussions had taken place between industrial employers and the local 
educational authorities to explore the possibilities for increasing the 
industrial usefUlness of colleges: at Wednesbury these talks had been concerned 
particularly with foundry work and production engineering, while in Binningham 
they had been on the provision of courses for young workers in the brass and 
copper trades.( 2g) However, it was judged that considerable scope remained 
for further developments. One of the most important facets for. co-operation 
was deemed to be potential encouragement by employers to workers to attend 
part-time courses, for(30) 
'Release of employees to attend day classes is ••• the exception; 
(28) BOA?~ OF EDUCaTION, Education for industrr and commerce. 
The ':iest ~·iidlands metal \forking area. 
(London: EESO, 1930), 18. 
(Board of 3ducation, educational pamphlets, no.74) 
(29) BOARD OF £DUCA'l'ION, op.cit., 39. 
(30) 30AR.D OF ZDUCATION, ou.cit., 14. 
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'usually, attendance is a~ evening classes, for which 
students are sometimes allowed to leave the works before 
the ordinary hour in the afternoon.' 
A point to stand out clearly from the Board of Education report is the 
great difficulty experienced by the author(s) in making a satisfactory 
delineation of the scope of 'metallurgy': one problem was to distinguish 
between what constituted 'metal working' and what 'engineering'; another was 
that in most instances where technical-college instruction in ~etallurgy was 
cited, it was closely associated with chemistry, so that classes and departments 
of 'chemistry and metallurgy' tended to be bracketed together. This lack of 
definition of 'metallurgy' is one of the chief factors which for many years 
has bedevilled its development as a profession. 
The report attempted to classify the West Midlands' metal industries into 
'preparatory processes', which involved some 52 000 employees at the 1921 
census, and 'secondary processes' , in which roughly 165 500 employees were 
engaged, Table 7.1. At the same time, another 158 500 people in the area were 
involved in the manufacture of plant, machinery and vehicles, activities 
construed to be 'engineering' as distinct from metal trades. According to 
the census returns of 1921 , West Midlands' workers in the sectors associated 
with 'iron or steel tubes' accounted for nearly three quarters of all such 
workers in England and Wales, while those employed in 'non-ferrous metals, 
rolling mills and tube and pipe making' comprised two thirds of the total. 
For the 'preparatory processes', the report found there had been little or 
no demand for formal instruction for either unskilled or skilled workeTs~It 
was concluded that(31 ) 
'Technical education, so far as it influences these industries, does 
so through persons concerned with control and direction, for whom 
subjects like engineering, metallurgy, and chemistry may be very 
useful.' 
(31) BQ~ OF 3DUCATION, ou.cito, 41. 
Table 1.1 
(a) 
Preparatory 
processes 
(b) 
Secondary 
processes 
including 
manufacture 
of metal 
articles 
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classification of metal industries in 
the '1lest Nidlands area, 1920s 
iron and steel 
other metals and 
alloys 
iron or steel tubes 
non-ferrous metals 
foundries 
forging 
small tools 
miscellaneous 
products 
sheet-metal goods 
small arms 
smelting, converting, 
refining, rolling and 
forging 
extracting and refining 
rolling mills, and tube 
and pipe making 
iron, steel, brass and 
other metals 
chains, anchors, etc. 
cutlery, files, saws, 
others 
pins, needles, fish hooks, 
bolts, screws, rivets, 
locks, weighing machines, 
bedsteads 
BOARD OF EDUCATION, Education for indust!"'r and commerce. 
Hidlands metal worki area. (London: .ilMSO, 1930), 40; 
Board of Education, educational pamphlets, no.74). 
'rhe t/est 
64-65. 
a lolinistrJ of Labour inquiry made in the mid-1920s into apprenticeship 
and training for skilled occupations in the metal trades had found there were 
~ apprentices and learners engaged within certain trades, but the number 
and the proportion compared with those in the engineering industries were 
both small. Figures quoted by the 1930 Board of Education survey bear out, 
depressingly, the low level of formal instruction in metallurgy, Table 1.2. 
~nereas in 'engineering' about three per cent. of employees attended classes, 
in 'metallurerJ' the proportion was only 0.2 per cent., or only one sixth as 
high. It seems reasonable to presume that in a good many cases instruction 
( 172 ) 
in either metallurgy or engineering would have had equal relevance to the 
actual requirements of the s~~dents and their work. Indeed, the report 
acknowledged that an unknown number of metal industries' employees attended 
engineering courses, and that 'several hundred' took courses in pure chemistry. 
Table 7.2 numbers of students of engineering and 
metallurgy in the ~est Midlands, 1927-28 
Numbers of industrial employees 
(1921 census) 
Numbers of students attending classes 
full-time 
part-time during day 
evening -senior 
II 
- advanced 
totals 
as percentage of employees 
Engineering 
158 561 
35 
1035 
3451 
329 
4850 
).05 
~Ietallurgy 
217 500 
3 
31 
282 
74 
390 
0.18 
BOARD OF EDUC.ATIOU, Education for industrv and commerce. The 'l'iest 
i•lidlands !lletal working area. (London: ffi.ISO, 1930), 44. 
(Board of Education, educational pamphlets, no.74) 
With regard to the British steel industry, in 1930 the Journal of Careers, 
formerly the Schoolmaster's Calendar, published three articles extolling the 
attractive employment prospects for the fortunate youths selected for future 
staff positions. The first of these articles, written under the name of Sir 
~thur Dorman, chairnan oi Dorman Long & Co. Ltd., informed readers that the 
company preferred to recruit the majority of its staff between the ages of 
fifteen and eighteen, and that 'the early part of their service may be 
regarded as specialised instruction in the work they nave chosen as a career'. 
~.,_ boy who was prepared to attend evening classes with regularity, and \vho 
cultivated a 'desire to learn instead of to pass the working hours with the 
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minimum of exertion', would find openings to promotion; the company 
encouraged and assisted employees to attend evening lectures at the technical 
college in ~uddlesbrough, then newly opened. rrp to that time, the number of 
men with university qualifications who had entered Dorman Long's service had 
. (32) been small, but conditions were acknowledged to be chang1ng. 
The second recruiting article in the series was prepared by the employment 
superintendent of the United Steel Companies Ltd., and it gave details of the 
two apprenticeship schemes then operated by the company for aspirants to staff 
status. The 'school apprenticeship' scheme was applicable to selected boys 
aged at least seventeen years and possessing good school records, and it 
covered a four-year period: 'generally, school apprentices will spend one year 
in the laboratory and cost department at a selected works ••• another year 
at blast furnaces with their associated mines and quarries; a third year in 
melting shops and mills.' During the fourth year training was directed 
towards a particular specialism such as works' management, technical control, 
or the commercial side. A condition of this school apprenticeship was 
attendance at an approved institution providing a systematic course of 
technical study; the apprentice was expected initially to pay his own fees 
for this instruction, but the money would be refunded later by the company 
if progress was satisfactory.(33 ) This arrangement was to be continued for 
more than twenty-five years, into the 1950s; at the later date, students 
who attended evening dlasses were to be allowed to start work on the following 
morning at 9 a.m. instead of 7.30, and technical apprentices aged eighteen were 
to be expected to obtain during the next three years of their indentures higher 
national certificates in metallur~. 
presentation of company prizes.(34 
Progress was to be encouraged by the 
(32) DORNAN, Sir Arthur, 'Opportunities in the steel industrJ'. 
Jrnl. of Careers, (April, 1930), 11-13. 
(33) GREIG, Edward C., 'Opportunities in the iron and steel industry. 
(34) ':TILSON, ltJ.·r. 
Training scheme of the United Steel Companies Ltd.'. 
Jrn1. of Careers, (June, 1930), 18-22. 
of the 
371-372. 
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rhe other training scheme offered in the 1930s by the United Steel 
Companies was 'college apprenticeship' for a period of two years, and this was 
open to young university graduates, of whom about six were selected each year. 
The training was said to be intensive, 
'consisting of four months at blast furnaces, four months in 
melting shop, and eight months in mills and finishing departments. 
Two months are then spent in the testing department ••• An 
apprentice selected for works' management devotes the last six 
months of his training to the design and calculation of plant 
(drawing office), technical information (research department), 
and cost accountancy. ' 
College apprentices were paid £2.50 a week throughout the two years, whereas 
school apprentices started with pay of 17s. (£0.85), rising to £1.40 in their 
fourth year.( 35 ) 
'l~he third of the Journal of Careers' articles on the steel industry was 
contributed by Sir Robert A. Hadfield, who made the point that a number of 
university-trained men had been recruited for metallurgical work in his 
company's research department, and that all responsible positions in that 
department were held by graduates. In the works, most of the apprentices 
were recruited from elementary schools to learn skilled trades, but a few 
candidates with matriculation or school certificate were taken on; given 
suitable personal qualities, a boy who resolved to improve his knowledge by 
part-time evening classes in metallurgy or engineering could advance to 
interesting and responsible work. On the metallurgical side, managers, shop 
foremen, and other assistants of high technical ability were required.( 36 ) 
Following the three articles advertising careers in the steel industry, 
the Journal of Careers published a broader view, 'Good prospects in 
metallurgy', by Dr. F.C. Thompson, professor of metallurgy in the University 
In this ~~re mentioned opportunities for university-trained 
men in research laboratories, both Government-run and commercial, and the fact 
that the ne"rer metallurgical industries, such as those dealing ~·Tit~ nickel and 
(35) GREIG, Edward C., op.cit., 21. 
(36) HADFIELD, Sir ~ocert A., 'Ho'lr a famous steel fiM recruits its staff'. 
Jrnl. of Careers, (Jec. 1930), 23-26. 
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aluminium, were increasingly coming to appreciate the value of university 
training. Professor Thom?son outlined how an honours degree in metallur~J 
might be obtained, and even included a paragraph on women graduates, for whom 
he thought employment in the metallurgical industries was 'confined almost 
exclusively to the research laboratories and to posts as librarians'. He 
observed that as research workers 'a few women have made reputations for 
themselves of ;·rhich many men might be proud, and two at least have received 
the D.Sc. for distinguished metallurgical research.' However, he cautioned 
that for female graduates who were less than first class, employment prospects 
were poor, ar~ they might even experience difficulty in obtaining teaching 
posts in school science. (37) 
A dozen years later, during the ~r of 1939-45, a committee in the 
Lincolnshire town of Scunthorpe considered that the value of industrial 
apprenticeships had fallen because of the demise of the former idea that such 
apprenticeships related 'to responsiblity as well as to skill'.( 38) Some 
weaknesses of the customary methods of trades' apprenticeship were revealed 
by war-time demands for rapid production and the application of technical 
developments. Echoing the recommendations put forward in 1916-18 by the 
Board of Trade committee during the Great War, the Scunthorpe group hoped that 
contributions to better training would be provided by the Young People's 
Colleges which were at that time proposed. In addition, for the operatives 
employed in the production departments of the iron-and-steel works in the 
Scunthorpe district, the committee urged that ~aining 'of a general technical 
nature' should be instituted, which should include instruction at the local 
technical school. (3g) In 1943-44, as an experiment, on one day a week 
twenty-five young steehrorkers attended the school in working hours for 
'pre-apprentice education'. 
In addition to some employers being ,repared in certain districts to 
support formal metallurgical instruction by assisting employees to attend 
classes, aid from industry contributed to the facilities needed to establish 
(37) I·HOHPSOU, F.C. 'Good :?respects in metallurgy. 3cope for men and ~romen'. 
Jrnl. of Careers, (?eb. 1931), 11-15. 
(38) LINDSEY C01mTY C01JNCIL EDUC..iTION COHHITTEE, 'recbni cal education in 
Scunthorne and district. (Lincoln: Lindsev Countv Council 
Eiducation Comni ttee, 1944), 28. " v 
(39) LINDSEY COwiTY CO"U1TCIL ZDUC.i.TION COI·:lEIT':EZ, on.cit., 16. 
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and maintain such tuition. For instance, in the 1880s the Sheffield steel 
manufacturer Thomas Jessop gave money to help support the town's new technical 
school:( 4o) in fact, he was the only steelmaker to do so at the time, although 
twenty years later, when endowment of the new University of Sheffield called 
for the large sum of £170 000, another steelmaker, Edgar Allen, offered 
£10 000 on condition four others would subscribe similar amounts.( 41 ) In the 
years between 1910 and 1935 a third industrialist noted for his metallurgical 
achievements, Sir Robert A. Hadfield, supported the technical departments of the 
university to the extent of more than £25 000, while various others provided 
items of equipment or furnishing. tl'hen a course in foundry science was begun 
in 1934, subscriptions from industry, together with gifts of plant, sufficed 
(42) -to create a model foundry. However, shortly after the end of the Great 
'liar a number of prominent industrialists in the Sheffield district were canvassed 
unsuccessfully for money to maintain a second chair of metallurgy at the 
university, (43 ) where for some years Professor Arnold had liked to distinguish 
two departments, one in 'iron-and-steel metallurgy' and the other in 'non-ferrous 
metallurgy'. 
Seemingly far removed from the metallic toil of Sheffield was the 
University of Cambridge, where a metallurgical readership was established in 
1908 with funds from the Worshipful Company of Golds~iths, which also helped 
with the building of laboratory accommodation. In the early 1930s further 
endowments from the same source raised the post to the status of a chair, the 
Goldsmiths' Professorship in Metallurgy. A few years later, the Iron and 
Steel Industry Research Council contributed towards new equipment for· the 
Cambridge metallurgical laboratories, and examinations in metallurgy of honours-
degree standard were started. The Goldsmiths' company can be regarded as a 
body comprising many individual members, and as a London livery company 
deriving at least a portion of its wealth from industrJ in precious ~etals. 
(40) ERI~£SON, Charlotte E., ou.cit., 41; quoting C~~. A.W., 
The s tor:' of a modern uni versi t a his to of the Um versi t of 
Sheffield. London, Oxford Univ.Press, 1955 , 3~-39. 
(41) A.lWN., '1.-l"ei·Ts items'. ?age's weekly, vol. 6 (24 Feb. 1905), 395. 
(42) 
(43) 
.UillRE\'1, J.H., ''l'"he department of metallurgy, university of Sheffield'. 
Eull.Instn.Metallurgists, vol.2, (1950), 29. 
CHAFEJUi, A.-.f., The story of a modern university a history of the 
J"n..iversity of Sheffield, (London: C"LTP, 1955), 311. 
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After 70 years of the century 1851 - 1950 had already expired, a chair 
in metallurgy made possible by industry was also instituted in the University 
of Liverpool, and in the 1950s similar chairs were to come into being at 
Nottingham and Swansea. In Liverpool in 1920, the Henry Bell 1.iortley 
Professorship in Metallurgy was founded by a gift of .£10 000 from Alfred Holt 
& Co. of the Blue Funnel Shipping line in memory of a late partner. A 
condition of the appointment of the first professor was that he was to develo) 
metallurgy 'with special reference to engineering and naval architecture' • ( 44 
'ren years later Alfred Holt & Co. provided substantial hospitality in 
Liverpool for 'the intervarsity conference of metallurgy students' which was 
active for a short period, 1925- 1930. The Nottingham metallurgy chair was 
to be funded by Cripps' Industries Ltd., while a second metallurgy chair at 
Swansea was to be created in the mid-1950s as the result of a total of £50 000 
provided over ten years by Richard Thomas and Baldwins and the Steel Company 
of \1/ales. (45 ) 
Evidence of local industrial support on an appreciable scale is available 
for several other districts. Thus, of the metallurgy department in the 
University of Birmingham it was stated in 1924: 'the local industries have 
afforded generous ••• support; tlJ,ey also pel'mit students to visit their 
manufactories, and find openings for trained metallurgists•.( 46 ) Advertisements 
for potential students which appeared in the 1930s expressed similar Sentiments 
in respect of the University College of Swansea. (47 ) In the period 1945 - 1950 
metallurgical instruction at Birmingham was expanded and modified by creation 
of departments of both 'industrial metallurgy' and 'physical metallurgy', ~'lith 
multiple professorships. Acknowledgement was then given to 'the metallurgical 
industry of the country', which had 'endorsed the necessary material conditions 
( 44) KENNETT , and materials 
1iverpool: 
(45) DYKES, D.ii., 'The University College of Swansea', in B.A.LCHIH, 'J.G.V.(ed.), 
Swansea and its region. (Swansea: the University College, 1971), 
359. ~he sums provided by industry amounted to £100 000, of 
which £50 000 was for laboratories. 
(46) TUPJiliR, 'r., 'University of Birmingham', contribution to CA...q,F£Jl1TER,H.C • .H., 
'Hetallurgical education of university rank in Great Britain'. 
?roc.(1st) 3muire 1'.i.ining !'1etall.Congress, part 5, (London: 
Instn.Mining Metallurgy, 1925), 45. 
(47) ...:.J.'l"ON., 'Universi "t'J College of S1·1ansea'. :2he Metal Industry, vol. 51 
(2 July 1937), advt. p.22. 
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for ••• success ••• by generous covenanted subscriptions and donations of 
money and equipment'. (48 ) In London, in the opening years of the :present 
century the newly-constituted Imperial College received substantial industrial 
support, notably with gifts of £100 000 from Wernher, Beit & Co., and £50 000 
from Alfred Beit himself. (49 ) These greatly helped realisation of the new 
building for the Royal School of Hines on Prince Consort Road. Then, shortly 
before the Great War, wide support was obtained for equipping the Bessemer 
Memorial Laboratory of the school, much being made of the fact that well-
equipped testing facilities would be useful to London-based metal-producing 
companies, even though the sites of their actual operations might be widely 
distributed throughout the world. 
With the re-vitalisation of metal production which resulted from the 
war of 1939-45, it became possible once again to attract substantial funds 
for promoting training and research in the neglected field concerned with the 
e~traction of non-ferrous metals from their ores. The Nuffield Foundation, 
which derived its funds from profits in the motor-vehicle industry, provided 
money for setting=up, \d thin the Royal School of :Mines, a l~uffield Research 
Group in Extraction Hetallurgy. Formed in 1949, the group was headed by a 
fellow, Dr. F.D. Richardson, with two permanent staff members. The object 
was fundamental investigations, 'with particular emphasis on the physico-chemical 
background of extraction and refining' of metals.( 50) The group was said to 
be almost the only one of its kind in the Commonwealth. l'he five post-graduate 
students who joined it in the session 1949-50 were supported by grants 
provided by the British Iron and Steel Research Association, the Associated 
., (51) Lead HanufactiAf'l:l"s, and the DSIR. 
(48) ~~. A.J., foreword to SINGER, A.R.E., 'Industrial metallurgy at 
Bir.ningham. University'. The l<ietal Industry, (21 Sep. 1951 ), 235. 
(49) SA!-IDERSON, J.1·1., 'rhe universities and British indust 18 0-1o 0. 
(London: Routledge and Kegan Paul, 1972 , 
(50) RICHARDSON, F.D., '"fhe Nuffield Research Group in Extraction Metallurg<J' 
Jrnl.Mining Metall.Soc.Roval Sch.Nines, ( 1949=50), 32. 
(51) RICHARDSON, F.D., on.cit., 33. 
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Industrial aid was not confined to staff salaries, buildings, and items 
of equipment. Students themselves received help in several ways: ~d th fees and 
support while attending formal courses of instruction, with opportunities 
for obtaining works' experience, and with job offers at the successful 
conclusion of instruction. Help from employers with fees for evening-class 
instruction seems to have been reasonably common but, by their nature, 
scholarships or sponsorships to undertake full-time courses were few and 
far bet"' .. ;een, though some did exist in the later years of the period 1851 - 1950. 
For instance, in the Scottish steel industry, the Colville Group had a scheme 
which enabled 'selected junior employees' to undertake degree courses; it 
claimed there had been 'some remarkable instances of young men who have 
responded to the challenge of the opportunities provided ••• ,( 52 ) 
One interesting and relatively-early form of industrial aid was the 
scholarships offered from around 1900 to graduates in metallurgy, mining, and 
allied fields. At the rate of two or three a year, these scholarships 
provided passages to and from either Western Australia or South Africa, 
together with maintenance while at a particular metallurgical plant for a 
period of a year or more. Administered by the Institution of l·lining and 
Hetallurgy, these scholarships to gold-producing districts gave the chance 
for selected young graduates to discover whether they could stand uork at the 
properties to which they were drafted, while potential employers had the 
opportunity to find suitable new recruits for their staff. In the years up 
to 1910, post-graduate scholarships of this sort were awarded to graduate 
students from Birmingham, Glasgow, Sheffield, Durham, London, and the Camborne 
School of I•Iines in Cornwall. These post-graduate awards seem to have ended 
with the Great War, but some thirty years later scholarships for post-graduate 
and under-graduate st~dy tours of overseas ~etallurgical plant became available 
as the result of benefactions from the Nuffield Foundation. For a number of 
years from 1947 the Nuffield Foundation aided tuition in extractive metallurgy 
by providing up to twenty travelling scholarships each year to enable those 
selected to extend their knowledge and experience by visiting important mining 
and metallurgical centres for periods of three or six months. Each ::rear, 
five of the scholarshi:;:s, ;·rorth up to 2500 each, •nere for teaching staff of 
(52) ~\lrorr. , Iron and Goal 'i'rades Revie~·r: a technical survey of tl1e Go l7ille 
('1 ~ ,., • i Lo d I '' 1 "' ::> d 1 o·-~ \ ~~~ ,_,.rouP or ' ... o:onn~c~es. , non: ron ~.ooa 1r.~ev.,n •• , c • .,.,")!;, c:.)). 
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universities and schools of mines, another five of similar value were for 
'junior ~embers of the profession who are graduates', and the remaining ten 
awards >·rere for vacation studies by unde!'=-graduate students. ( 53 ) .it much the 
same time, the !'iond lfickel Company, through the company's managing director 
Dr. Griffith, encouraged the same field of extractive metallurgy by making 
generous grants for short-term travelling fellot-TShips. 
Besides the scholarships mentioned, in 1949 awards available from 
industrial sources to those studying metallurgy, among other disciplines, 
included: Turner and i:Jewall, £600 at i'lanchester University and another £600 
at Leeds University; Imperial Chemical Industries Ltd., £600 at Leeds 
University; the Goldsmiths' Company, value £400, age under 24, for travelling; 
the Founders' Company, £300 for research and study in the foundry industry; 
Beit Fellowship value £400 at Imperial College, awarded to promote scientific 
research; Yorkshire Copper ',·forks, £300 at Leeds University, open to graduates 
intending to pursue research in non-ferrous metallurgy; and three smaller 
awards at Sheffield University for research in metallurgy. (S4 ) 
One further way in which commerce has aided metallurgical instruction 
over the years, albeit sometimes in decidedly-niggardly fashion, has been in 
allowing students to visit works and other industrial installations. These 
visits have been of two kinds: rapid 'sight-seeing' tours of a few hours' 
duration, generally made by a group; and extended visits by individuals 'tThc 
might spend a vacation of ten or twelve weeks in one company. The op~ortunities 
for gaining industrial experience afforded by the latter visits have been 
extremely valuable. About 1918 Professor H.C.H. Carpenter of the Royal School 
of IIines stated emphatically that students who expected to occupy technical 
positions in works should have obtained industrial practice in conjunction 
~nth their 'educational treining'. For many years satisfactory completion 
of works' experience during long vacations was an essential part of the course 
requirement for metallurgy students of the school. Professor Carpenter's 
'Tiews were endorsed by the president of the Institute of Metala, an 
(53) .AliOU., 'Nuffield Foundation fellowship'. Colliery Guard., volo 173 
(27 Sap. 1946), 394. 
(54) ":U!OH., 1 Post 51"aduate scholarships and fello>tships 1 • 
Bull.Instn.i·Ietnllu!'g"ists, vol.2, no.1 (~·lar.1949), 21-25. 
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industrialist, in 1922, t~th the s:atement( 5S) 
'That student who has had works training together \'lith his 
theoretical training is a far better man to hold a technical 
position in a works than a man who joins a technical staff 
with purely a theoretical training.' 
Even before 1920, however, on at least one occasion, the virtue of offering 
facilities for vacation students was praised. In 1910 the managing director 
of the Skinningrove Ironworks in North-east Yorkshire, T.C. Hutchinson, in 
his presidential address to the Cleveland Institution of Engineers, reported 
how under-graduate students of metallurf) and engineering bad been allowed 
inside his works for several summers. ( 56 
'They took up the ordinary work of the blast furnace men, 'I'Torking 
on the day and night shifts in regular rotation. They were 
coke-runners, mine-fillers, and chargers in turn, and on the 
front side assisted in tuyering, slagging, and running the 
pig iron • • • They took out time boards and were paid the 
ordinary wages of the job. They treated the workmen as 
comrades ••• ' 
This sympathetic attitude may have been influenced by the fact that T.C. 
Hutchinson's son, Arthur, had himself studied at Cambridge. 
Since about 1934 a scheme to help students of various disciplines to 
obtain places for experience by vacation work has been operated by Imperial 
College. In 1941 organisations accepting students under the scheme included: 
Stewarts and Lloyds Ltd., the Staveley Coal and Iron Company, John Summers and 
Sons of Shotton, and the United Steel Cos. Ltd.(S?) In 1946 the Imperial 
College scheme was extended to include international exchange of students for 
vacation work, a development which entailed equal numbers coming from abroad 
and going abroad. In the first year, 1946, a total of 46 students, hone and 
foreign, participated. l'ne following year 105 Imperial College students 1·1ere 
(55) SUm:TER, :!:.eonard, 'Presidential address'. Jrnl.Inst.I,Ietals, vol.27 
(1922), no.1, 45-46. 
(56) E'!JI'CHIHSON, :'.C., 'Presidential address'. Proc.Cleveland I::stn.Zngrs., 
(1910-11), 22. 
(57) AlTON., 'Imperial College of Science and rechnology, vacation VTork 
scheme'. Colliery Guard., vol.172, no. 4438 (18 Jan. 
1 ':?46) , 1 04. 
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involved, together with 116 coming to this country from abroad. (5B) 
The evidence shorTS that industrial support for formal instruction in 
technological subjects including metallurgy was appreciable in the years up to 
1950. But not everywhere and not at all times was enlightened beneficence 
coupled with close harmony between industry and academics. By no means all 
employers, especially in the earlier part of the period 1851 - 1950, were 
prepared to assist their employees to attend evening-class instruction outside 
working hours, and there is no doubt that the school provided by the armament 
and machinery maker, \/illiam Armstrong, at his Elswick \vorks on the River Tyne 
near Newcastle was highly exceptional. There, in the early 1880s, (59) 
'students who have passed through a general training in science 
receive special instruction in the metallurgy of iron and steel, 
this class being in connection with the City and Guilds of London 
Institute' • 
Charlotte Erickson has quoted the view which S.~. Lysaght attributed to 
his imaginary, but presumably realistic, steelmaker of the 1870s who advised 
a young job applicant to begin his working life immediately, even though, or 
perhaps because, this would mean quitting university in mid course; a degree 
he held to be of no commerical use, and 'he considered that the university 
life was too easy and pleasant, making it all the more difficult for a young 
man to face the daily routine of an office'. (GO) Even in the early part of 
the twentieth century, the Sheffield steelmaster w.H. Ellis, speaking to the 
Sheffield Society of Engineers, reported a feeling in the industry( 61 ) 
'that young men with engineering or science degrees had spent too 
much time in theory to have the necess~; workshop experience, 
and that such degrees stood in the way of their obtaining positions 
in the industry.' 
(58) .tifON., 1 Imperial College Union, vacation work scheme 1 • Collier:v Guard., 
vol.175 (12 Dec. 1947), 826. 
(59) HUXLEY, T.H., as witness before the 1echnical Instruction Commission, 
October 1881.. Reproduced in RUSSELL, C. and GOOD:r.w~, D.C. , ( eds • ) 
Science and the rise of technology since 1800, (OU Press, 1972),154. 
(60) 3RICKSON, Charlotte E., op.cit., 35; quoting LYSAGHT, S.R., 
ily tm.-er in Desmond (London: t1acmillan, 1925), 110. 
(61) ERICKSOH, Charlotte Z., op.cit., 36; quoti112 ST .. UlfrON, J.H. 
'Ihe making of Sheffield1 1865-1914,-l'sheffield: ·Jeston, 1924),142. 
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Nearly twenty years later, a few years after the Great \Jar, the 
president of the Institute of Metals posed the question of ••b.y, among the 
abundant available numbers of 'trained metallurgists, chemists, (and) 
engineers', there was great difficulty in finding 'the right man for the 
managership'? He requested 
'our professors and teachers to ••• ask themselves why it is that 
students they have trained so carefully ••• do not rise, generally 
speaking, to take those higher positions ••• to which it would 
seem their training would eminently fit them.' 
Ee suggested that academic training should be broader rather than so 
specialised, and that students who were 'not so clever' were comparatively 
neglected by the teachers' interest in those who were 'brilliant'. He 
commented that academics 'seemed to overlook the fact that industi"J requires 
f ~ ) 
many sound and able men and but a few brilliant men'. \b2 
In the period of lo>; trading activity which continued until the middle 
1930s, employment prospects for metallurgists were small. 'fhere uas little 
incentive for industrial employers to hire fresh metallurgical graduates, 
such action being commonly regarded as ill-affordable, and possibly misguided, 
luxury; if it happened that a new technical employee~ required, a technician 
would be preferred to a graduate. In these years, many parts of British 
industry were struggling to ward off the spectre of bankruptcy. 
It is little wonder that, of the small number of those •mo graduated 
from university metallur5J departments during this period, a relatively 
high proportion stayed on in academic surroundings to gain experience of 
'research 1 , or took 110rk devilling for their professors while ;rai ting for 
possible jobs. Of those graduates who did move out from university seclusion 
into the harsh coi!illlercial uorld, it seems likely only a minority succeeded in 
finding employment which effectively used the training previously received. 
1 si~;ficant proportion emigrated. Fro~ this evidence, British industrJ in 
the 1920s and 1930s certe.inly did little to encourage the ;ro~·rth of 
3etallurgical instruction. 
An exception to the overall bleak outlook for employment 'I'Tas provided by 
the industrial research associations whic..'l ;vere formed to serve groups of 
(62) SD:·IUZR, Leonard, o"D.cit., 47-48. 
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companies engaged in si3ilar activities. These associations were fostered 
by the Government's De~artment of Scientific and Industrial Research. Both 
oy sponsored research in university departments, and in investigations and 
develo~ents pursued within industrial premises, they provided employment 
opportuni. ties for at least a handful of metallurgical graduates as uell as 
for some supporting workers. 
To,vard.s the close of 1937 there appeared an editorial leader in a ·..reekly 
trade journal, provoked by the presentation of a paper to the London local 
section of the Institute of l·fetals on 'The training and employment of 
metallu~gista'. The ~aper's author was the professor of metallurgy in the 
Jniversity of Cambridge, Dr. R.S. Hutton. The leading article roundly 
observed that 'there are far too few students of metallurgy to satisfy the 
0. 
needs of indust~J', but then went on to draw(distinction between 'needs' and 
'desires', because 'even the small number of metallurgists ••• who graduate 
from the universities every year, have difficulty in obtaining suitable posts 
in industry'. One of the reasons for the poor position of the British 
metallurgist was identified as 'the apathetic attitude of industry towards 
its needs'; this, in turn, was said by some to stem, at any rate in part, 
from the 'spars~~epresentation of university-trained men on boards of 
directors' , 'l'rhich compared unfo.tOUrably with the corresponding situation in 
Germany and the USA. Another reason adduced for the neglected status of the 
metallurgist was 'the lack of properly-directed publicity in regard to metallurgy 
as a profession'. -ili th this was closely allied the fact that rewards were 
small, many graduates holding appointments providing between £100 and £200 a 
year in salary while in addition, perhaps, receiving 'the maXimum lack of 
sympathy and understanding' in performing their jobs. £100 would then have 
been almost enough to purchase a new small motorcar. The works' metallurgist 
was said to be 'generally over-worked and under-paid' and the relationship 
between metallurgists and industry was 'to say the least, disturbing'. (63 ) 
At the time this was written, doubtless all its scathing criticisms >·rere 
justified, and had been for many years -previously. H:owever, the tide w·as 
already beginning to turn, and the si~~tion of full technological employment 
( 63) . .UTCi·T., 'The metallurgist, his training and e!:lployment' • 
The Metal Industrr, vol.51, no.21 (19 ~ov. 1937), 495-496. 
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associated with the war of 1939-45 gave an opportunity for some ~elioration 
in attitudes and conditions. A leading academic, Jr. Leslie Aitchison, could 
~·rri te in 1 946 that, in contrast with the bad old days when industrialists 
used university men trained in metallurgy only as backroom boys, the 'leaders 
of industry now realised that men with a university training possessed real 
assets'. (64 ) But old attitudes die hard, and it was to be many years before 
prejudices could be largely overcome. 
j.'iichael Sanderson has drawn attention to the fact tr...at interaction between 
institutions of formal instruction and industry provided benefits in both 
directions: while in some cases industry supported formal metallurgical 
instruction, the institutions supplying the instruction could also be of 
considerable help to industry. In certain circumstances, local industrJ 
obtained much-greater value than it was prepared to give. (65 ) One illustration 
of the difficulties of combining industrial and academic interests is 
afforded by certain claims with which Professor J.O. Arnold of Sheffield ~as 
involved. A prickly character at the best of times, in 1909 he complained 
of demands by some industrialists that the university's 'scientific lecturers 
••• should be compelled ••• to make such lectures always subservient to the 
trade interests'; he described these demands as an attempt'by a limited 
number of manufacturers to dictate to its professors'. Arnold was also 
accused by one steel company, Firth's, of 'using public university money to 
carry out secret investigations and ••• passing secret information to one firm, 
Jonas and Colver'. ( 66 ) This accusation was just one episode in a long-running 
battle; twenty years earlier, when Arnold had recently been appointed 
professor in Sheffield, his consulting practice was the cause of difficulties~ 67 ) 
Industrialists were distrustful of the confidentiality of dealings with 
academics. 
In marked contrast with the depressed situation of the 1920s and a number 
of earlier decades, the last few years of the period 1851 - 1950 ~ri tnessed 
(64) .AITCHISON, Leslie, 'Meeting industry's needs', in 'Training industrial 
!!!etallurgists; new course at Birmingham'. l.'he Chew.. :\ge 
(metall. section), vol.54 (1 June 1946), 610. 
(65) s~umERSmi, J.a., ou.cit., 120. 
(66) SAllDERSON, J.:r., on.cit., 102; quoting I!S letters of J.O •• ~rnold, 1909. 
(67) CHA.PH .. U·I, A.~I., O•J.cit., 75. 
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industry, and notably the constituents of the aircraft industry, providing 
a fair amount of encouragement to metallurgical instruction. Jobs 1·rere 
offered to those uho had received such instruction, and help by ~;;ay of 
eq_uipment and info:mation was given to teaching establishments. ·~e years 
following 1945 also saw the beginning of developments in peaceful uses for atomic 
ener~J, as well as in the British atomic bomb. This new 'nuclear' industry 
offered employment to metallurgists in a variety of ways, ranging from the 
extraction of uranium from its ores, to the many tasks involved in devising, 
fabricating and controlling the situations in which radio-active uranium could 
be made to generate ener~J, both with devastating suddenness and usefully and 
safely. 
The future then looked bright: after a hundred years of struggle by the 
few, and apathy and parsimony by the majority, industrial demand for 
instruction in metallurgy on an appreciable scale had become a reality. 
( 187) 
CRAPI'ER 8 
SCIENriFIC SOCI.2.'TIES AND EDUCATIONAL ORGA.J.'l"ISATIOl>TS: 
the role of bodies not nredominantly concerned with metallurgy 
From the earliest times, people have banded together to pursue common aims 
with greater success than could be accomplished by individual efforts alone. 
The professions of law and medicine had early protected themselves by the 
formation of societies which were operated very much to their own advantage. 
The trades involving metals, such as goldsmithing, armoury, nailing and needle-
making, had been regulated by guilds and by law in the larger English towns 
from the sixteenth century. ~e development of technical education in general, 
and that in metallurgy in particular, are no exceptions to the pattern of 
oehaviour, groups having played major parts in the development of both. For 
:present purposes, groups having two broad kinds of influence can be usefully 
disti~~shed: those affecting developments on a wide front, and those 
promoting narrow ranges of interest. Examples of the former are the Royal 
Society, the British Association for the Advancement of Science, and the Society 
of Arts; 11r..ile among the l.s.tter are the Iron and Steel Institute and the 
Institute of ~letals. The London trade guilds, although created specifically 
to forward the interests of particular restricted groups, by the mid-nineteenth 
century and collectively, had lost many of their original objectives: shortly 
after~ards, however, in tr~ 1870s they were to gain new significance as sources 
of money for the development of technical education. 
In the 1850s British metallurgists certainly had no group to represent 
ti.nyone '.-rho ':ri.shed to learn of fresh technical developments 
in tr2 metallurgical field had f~1 opportunities open to him. If he possessed 
sufficient ::neans to ;ay the subscription and travel to ':her~ver :1eetin;;s ";ere 
held, he ::night sup~ort the 3ritish ~ssociation for the Advancement of Science. 
( 188 ) 
If, in addition to money, he had the necessarJ qualifications to gain 
acceptance, he might become a member of one of the national institutions that 
existed to promote engineering and chemistry, thus being able to participate 
in lectures and discussions and the 'camaraderie' which such membership bestows. 
In the field of engineering, two national bodies were in existence in 1851, the 
Institution of Civil Engineers, founded in 1818, and the Institution of 
i·iechanical Engineers , dating from 184 7. 
Society of London, established in 1841. 
For chemistry, there was the Chemical 
All these groups included in their 
programmes a certain amount of material relevant to the metallurgist. The 
60 years from 1851 saw the foundation of large numbers of societies and 
associations, some local and others national. The most relevant of the 
national bodies are listed in Table 8.1. 
Britain's premier scientific group, the Royal Society of London, had 
already existed for nearly two centuries by the 1850s. Among the very first 
experiments recorded in 1661 had been 'a metallurgical series relating to the 
weight of lead increased in the fire ••• at the assay office in the Tower', ( 1) 
while in 1662 and 1664 'the Royal Society discussed the possibility of 
investigating the making of steel' and enquired 'about methods of tempering 
steel ••• (which) came up against the barrier of trade secrecy'. (2) Despite 
this early concern shown for metals, the society's influence on metallurgical 
development before 1850 had been insignificant, and subsequently it remained 
only small. 'Inrough its Governmental mandate, in the opening years of the 
present century it infl.uenced the setting up of the National Physical Laboratory 
which developed a strong centre of metallurgical research, and in later years 
it made funds available for research by means of fellowships. A number of 
people prominent in metallurgy, including academics, have been Fellows of the 
Royal Society. 
Certainly during the nineteenth century, a more fruitful source of help 
in develo?ment of the subject >·ras the British Association for the Advancement 
of Science; established at York in 1831, this had a policy of visiting different 
district centres for successive meetings, so stimulating interest in the various 
(1) ROBERTS-AllSTEN, '.i.C., 'Metallurgy in its relation to chenical science. 
(2) 
Introductory lecture to the course of metallurgy at the Royal 
School of Mines, session 188C-81'. In SELrE, S.H., 
Roberts-Austen, a record of his ;vork, (London: Griffin, 1?14),26. 
FLilflT, M.U. and BIRCH, A., 'I'he ii;nglish steel industry before 1356 
Yorks.Bull., vol.o (Sep. 1954), 165. 
I 
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·rable 8.1. 'l'he chief national scientific, technical, and 
engineeripg bodies anpropriate for promotion of 
metallurgical instruction 
'I'hose bodies vrhose concern with metallurgy was predominant are underlined 
iJame of Group 
Society for the Encouragement of Arts, 
Hanufactures and Commerce 
Institution of Civil Engineers 
British Association for the Advancement 
of Science 
Chemical Society of London 
Institution of ~echanical Engineers 
Iron and Steel Institute 
Institute of Chemistry of Great Britain 
and Ireland 
Society of Chemical Indus tl""J 
Institution of l;iining and Metallurgy 
Faraday Society 
Institute of British Foundrymen 
Institute of Metals 
Institution of Welding Engineers/Institute 
of '.ielding 
Institution of Metallurgists 
Foundation Date 
1754 
1818 
1831 
1841 
1847 
1869 
1877 
1881 
1892 
1903 
1904 
1908 
1923/1935 
1945 
regions of the country. 'I'he first meeting of the Bri tisll -~ssociation in 
:•Tewcastle-upon-Tyne had been held in 1838, and further !Ileetings in l:ewcastle 
followed in 1663, 1889, 1916 and 1949. Around 1344, the British Association 
had supported an investigation into features of the iron blast furnace; carried 
out by the German Professor Bunsen of Marburg and the young Scottish chemist 
Lyon Playfair, the investigation was reported to the association in 1645. ()) 
(3) Bll:ISEN, Professor 
from iron 
'Report of the gases e•rolved 
the theorJ of the snelting 
of Brit •. -i.ssccn. C."l!!lbr::.d.ce I c4c:;, 
142-186. 
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Of greater long-term significance was the metallurgical process described to 
the Cheltenham meeting of the British Association in 1856, for this 1-1as the 
fateful occasion on which nenry Bessemer was induced to lay out the details 
of his new technique for steelmaking, which was to have a profound effect upon 
world economics. In 1867, the reports published by the British Association 
and occasioned by the Paris Exhibition of that year included one by I. Lowthian 
th~ Bell entitled 'The present state ofLmanufacture of iron in Great Britain and its 
position as compared with that of some other countries'. r-;renty years later, 
in 1889, the association took steps to introduce an element of rational 
standardisation into the analysis of steel by preparing a series of alloys 
varying in composition; these were then analysed by prominent authorities, and 
samples made available 'for anyone who wished to check his own manipulation'. 
In 1920, these standards were still available. (4 ) I'lore recently, in 1952 
an approach was to be made to the British Association by various British 
~etallurgical groups who urged the creation of a subsection for metallurgy 
at the 1953 meeting, promlsing that several metallurgical papers would ensue.(S) 
Besides the publication and discussion of papers on metallurgical topics, another 
relevant feature of the British Association's meetings was the compilation by 
local writers of handbooks containing particulars of the region. These books 
included descriptive reviews of metallurgical industry: although not deep, 
-
they nonetheless afforded useful accounts, for example, of ~iorth-eastern lead 
metallurgy and iron-and-steel making in 1863, and of the Glasgow district's 
iron-and-steel industry in 1901. 
The Society for the Encouragement of Arts, Hanufactures and Commerce had 
been founded in 1754. Almost a century later, through the initiative of a small 
group of its members, it became largely respo~~ible for the mounting of the 
Great Exhibition of 1851. Occasionally, its meetings promoted metallurgical 
knowledge, for instance by some of its Cantor lectures. I'hus, ?rofessor ·.i .c. 
Rooerts-Austen, A.'tSN, of the Royal Jliint and the ?..oyal School of :•lines, in 1884 
delivered Cantor lectures on 'Alloys used for coinage'; evidently these were 
well received for in 1888 and again in 1893 he returned to give further lectures 
(4) STEAD, J .E., 'Presidential address'. Jrnl.Iron Steel Inst., vol.101 
( 1920), no.1, 86. 
'."J) .ANON., ':3ritish Associ::l.tion'. 3ull.Instn.Metal2.urgists 7 •rol.4, :::o.2 (:.Iay 1 953) , 22. 
( 1 91 ) 
on alloys. In 1895 the Cantor lectures were delivered by an American, James 
Douglas, -..Tho spoke on copper smelting. The subject of copper recurred nearly 
a quarter of a century later, when Professor ri.C.H. Carpenter chose as his 
title 'Progress of the metallurgy of copper'. In 1950 aluminium was 
thoroughly surveyed by Dr. Colin J. Smithells, director of research for the 
British Aluminium Company, in his series of 'Three Cantor lectures on the 
manufacture, properties and applications of aluminium and its alloys'. (G) 
In 1879 the meetings of the Society, and its Journal. were the setting for an 
exposition and discussion on the use and value of Bessemer's converting process 
applied to copper smelting;( 7 ) 1iithin a few years, extracts from the paper had 
been copied in extenso in at least one American textbook on copper, and the 
method proposed was being put into commercial use in Europe and the GSA. It 
soon became standard smelting procedure. In connexion with the ?aris Exhibition 
of 1878, the Society of Arts sponsored and published a set of 'artisan reports' 
which included a section on 'mining and metallurgy'. (8 ) In 1868, by means 
of a competition, and again in 1916, the society sought to stimulate improvements 
in zinc smelting. 'l'he latter attempt resulted in the publication of ti-J·o 
substantial reviews of the subject, the winning entry being printed in the 
Journal, with its closest rival subsequently appearing in book form under the 
title 'The zinc industrJ'• (g) 
Following the 1851 exhibition the Society of Arts organised a series of 
lectures to review its results: these included one on 'The ironmaking resources 
of the United Kingdom'. ( 10) Again, after the 1867 Paris Exhibition the society 
arranged a conference on the subject of 'sdentific and industrial education' 
which took place at much the same time that, with the object of exam~ning a 
closely-similar field, the Select Committee of the House of Commons was set up 
under the chairmanship of Bernhard Samuelson. 
(6) SHITHELLS, COLin J., •Three Cantor lectures on the manufacture, properties 
and applications of aluminium and its alloys' • Jrnl.Royal Soc .Arts, 
vol.98 (25 Aug.1950), 822-863. 
(7) EOLLWAY, John, 'A new application of a process of rapid oxidation, by 
which sulFhides are utilised for fuel'. Jrnl.Soc.Arts 1 (14 Ieb. 
1879), 248-263. 
(3) SOCI3TY OF .U:.rs, 
1878. 
Artisan reuorts on the ?aris 
(London: Sampson Low, 1079), 
universal ezhi bi tion of 
664pp. 
(9) S~·II'l':S:, ::!.A., 'l'he zinc industrr. (London: Longmans, Green, 1918), 218 pp. 
(1 0) SGRITcilWR, ~furry, Eistory of the iron trade .•• 
etc., 2nd edn., 1854), 301ff, fn. 
• (London: :ong=an, 
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~arly in the 1870s the Society of Arts was instrumental in introducing 
the first British technological examinations, to complement those in science 
sponsored oy the Government's Department of Science and art. It is significant 
that J.F.:U. Donnelly, of the Science and rlrt Department, was a :nernber of the 
Society of Arts and originator of a proposnl considered by the society's council 
in 1872 that it should establish such examinations. The society's object v1as 
to help to improve the technical education of artisans, and a condition of a1vard 
of a certificate was that candidates should pass certain qualifying subjects 
of the Science and Art Department. Among the five subjects of the first 
examinations held in 1873 was 'steel manufacture' but, not surprisingly, the 
number of candidates coming forward for the examinations as~<hole was only small 
in the first fe'lv years. One l:imi. ting factor i·ras that 'no payments were offered 
to teachers nor was any instruction provided, and ••• consequently all the 
candidates were self-taught'. However, for the year 1878 the Clothworkers' 
Company offered a grant of up to £250 to enable the Society of Arts to pay 
teachers a capitation grant and so encourage classes for instruction. l 11 ) ~or 
the year 1879 arrangements were made for the society's pioneering technological 
examinations to be handled by the new City and Guilds of London Institute for 
the Advancement of Technical Education. 
'l'he London companies, or guilds, each of which was confined to a specific 
occupation or trade, had originated in mediaeval times to foster the social, 
spiritual, and material needs of their members; these needs originally included 
training. 3y the middle of the nineteenth century, however, many of the guilds 
persisted only as social bodies, retaining their names, ceremonies, and 
accumulated vieal th, but not requiring technical qualifications as conditions 
of membership. In all there were 81 guilds existing in London: those concerned 
•·Ti th the working of metals included the armourers and brasiers, blacksmiths, 
bladesmiths, cutlers, farriers, goldsmiths, gunmakers, ironmongers, pewterers, 
plumbers, spurriers and tinplate workers. Although not primarily concerned 
'l'li th metals, the Cloth~rorkers' Company and the Drapers' Company also merit 
mention here, as both became leading benefactors to technical education. 
( 11 ) MILLIS, =.'ecb.nical education its de,relo"8ment and ai:lS. 
'\London: i::dward .:u-nold, 1925), 59. 
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Durir~ the 1870s there arose considerable public discontent over the 
supposed great 1.realth of the I.ondon guilds and their alleged ineffectiveness 
in carrying on the earlier traditions of training. Alarmed by this public 
criticism and animosity, in July 1876 some of the companies called a meeting 
, ~ 
at which representatives adopted a resolution stating the desirability:~ 121 
'that the attention of the LiverJ Companies be directed to the 
promotion of Education not only in the i:·Ietropolis but throughout 
the country, and especially to technical education, with the view 
of educating young artizans and others in the scientific and 
artistic branches of their trades.' 
Some considered greater results might be achieved by the companies ·~rking 
in combination rather than separately, and in 1877 a provisional committee of 
certain of the guilds was formed to prepare a national scheme of technical 
education. Among those invited by the committee to submit recomoendations 
vrere Colonel Donnelly of the Science and Art Department, Sir :iilliam Armstrong 
FRS, the engineer and armaments salesman, and Professor T. Huxley FRS, of the 
Royal School of ~Iines. In 1878 a conference of 23 companies founded the Cit) 
and Guilds of London Institute for the .\dvancement of Technical 3ducation,( 13 
and in the following year the scheme resulting from the committee's deliberations 
~fas adopted. In expressing its view of what was desirable by '.·ray of instruction, 
the committee used iron as one illustration:( 14) 
' • • • it -Nould be unwise to endeavour to improve • • • manufacture by 
instructing a puddler how to handle his tools in a superior manner, 
or the blast furnace man how to manipulate his furnace; but on the 
other hand your Executi ve~ommi ttee think it w·ould be of great 
utility to give to such men (and especially to the managers of 
ironworks) the scientific instruction which will enable them to 
know why it is that occasionally, in spite of manual dexterity, 
and in spite of attention, the puddle-bar is bad or the pig iron 
(12) I>IILLIS, C.T., op.cit., 54. 
( 13) HEATH, H. Frank and :riET:ERL'l'GTON, .A..L., lnd"L:.Strial research and 
development in the United Iin~dom a survey. (London: ?~ber, 
1 946), 307. 
( 14) i·IIL:.IS, ,-., :i'l ....... ..i.. • ' ou.cit., 56-57. 
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'is unsaleable ••• The application of the science of chemistry 
to the manufacture of iron affords this knowledge.' 
H~Never, not all of the London guilds were prepared to participate in 
the corporate scheme; the Cutlers' Company, for example, reported in 1878 
that it would not join in the combined action suggested by the committee on 
the grounds that the general scheme of education proposed would be of little 
benefit to cutlers and, moreover, 'would be somewhat calculated to interfere 
1rith perfect freedom of action on the part of the Cutlers' Company'. 
Accordingly, the company reportedly took action on its own to encourage 
production of superior articles of cutlery and promote the interests of the 
trade. ( 1S) 
At the end of 1879 Professor Thomas Huxley took the opportunity of a 
discussion on 'apprenticeship' at the Society of Arts to draw attention to the 
'enormous wealth' possessed by the companies in the City of London who were 
'the inheritors of the property and traditions of the old guilds': this 
wealth was intended for technical education. He said that the people of the 
country should insist upon the money being used for that pur:?Qse and, 'as far 
as London was concerned ••• it would be an utter scandal and robbery if one 
shilling (£0.05) were asked for out of the general revenue to pay for technical 
education.' ( 16 ) 'l'be editor of the journal .w.n. was delighted to make capital 
out of this statement, under the heading 'The plunder of the poor', pointing 
out that the revenue of the Corporation of London amounted to £600 000 a year, 
vrhile the income of the livery companies was at least £1 million and might 
exceed ~2 million; considerable sums could therefore be spent on the proposed 
education 1dthout hardship.( 17) 
In the event, the proposals for joint initiative on technical education 
went ahead, and in the 65-year period up to 1945 the supporting co~panies 
gave the City and Guilds of London Institute for the Advancement of Technical 
Education about £1.3 million. The Goldsmiths' Company was the largest single 
( 1 5) Ai:WH., 
( 16) 1>1ILLIS, 
( 17) Al:ION., 
'Technical education'o ll:2J!, vol.12 (16 Nov. 1878), 622. 
C.T., o~.cit., 54. 
'The plunder of the Poor'. ~' vol.14 (19 Jec. 1879), 775. 
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contributor '!Tith £270 000, 1ihile the Skinners', for instance, after giving 
~3000 in 1878 towards the establishment of the inSituta, contributed altogether 
some £120 000. (13) A commentator in the early 1880s considered that ( 1g) 
'If it is efficiently conducted, the City and Guilds of London 
Institute will probably become the chief authority for technical 
education in England. • .• it will render splendid service in 
the work of reviving, controlling, and improving industry, and 
allying it more closely than has hitherto been the case i'li th 
science and art.' 
One of the tasks undertaken by the City and Guilds Institute ~as organisation 
of a national examination system intended to stimulate technical instruction 
among artisans. In fact, the institute took over the examination system 
in technological subjects fostered by the Society of Arts for the previous 
half-dozen years. '.i:he numbers and scope expanded rapidly: in 1880 there were 
~qenty-four subjects and 800 c~didates; by 1900 there were 64 subjects and 
14 000 entries. (20) The 'steel manufacture' of the Society of Arts became 
'iron and steel manufacture', attracting 83 entries in 1880, 145 in 1890, and 
126 in 1900. Only two years later there was a doubling of the number to 253 
for this subject, but decline then set in, so that by 1929 the number had 
fallen to only 61. (21 ) 'Hechanical preparation of ores' lias an allied subject 
introduced in 1880 by the City and Guilds' Institute,\ 22 ) although, in common 
vli th 'electro-metallurgy', examinations in it were said to have been originally 
established by the Society of Arts. (23) 
The fact that the City and Guilds' Institute assumed responsibility for the 
payment of small sums to teachers presenting successful examination candidates 
(18) HEATH, H. Frank and EE~EERINGTON, ~.L., on.cit., 307; 309,310. 
(19) Emv.AP..DS, P.'.J., Technical Education: its rise and -:Jrogress .. 
(London: Longmans, Green, 1885), 32. 
(20) ARGLES, E., 3outh Kensington to Robbins. (London: Longmans, 1964), 23. 
(21) ~·:USG? .. AVE, ?.·il., l'ecnnical change the labour force and education. 
(Oxford, etc.: Pergamon, 1967), 94 and 158; quoting figures 
communicated by F.E. Foden of Loughborough College of Co~ercec 
(22) ~. vol.15 (13 Feb. 1380), 114. 
(23) ROYAL CGIMISSIONE ... 'l.S OH rECBITCAL IliSTR"C"CTION, Second reuort Yol.1, 
Parl.papers vol29 (1884), Cd. 3981, 403. 
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led in some places to the running of instructional classes. ..it .iUS'I-rick on 
Tyneside, 'trhere there was a school associated with Sir ';Jilli2.ill .-ir.:J.strong 1 s 
engineering works, around 1880, classes were held in the metallurgy of iron 
and steel in conjunction with the institute. Also in the yeers before 1900 
classes in this subject vrere offered in Hiddlesbrough. 
Classes were also encouraged by grants: early in 1880, the committee of 
the City and Guilds' Institute recommended the grant of £100 a year for three 
years to the l·Iiners' .1-ssociation of Cornwall and Devon to aid the extension 
of classes for 1"orking miners. (24 ) In like manner, grants of £300 a vear for ( '( 
five years were provided for the new technical school in Sheffield. ' 25 ) .A 
s~ecific item of the 1879 pro~osals included financial support to the extent 
of £400 a year, for four professorships at existing London colleges: those 
of chemical technology and mechanical technology at Dniversity College, and 
chairs of practical fine art and metallurgy at King's College. To the chair 
of metallurgy was appointed A.K. Huntington, ~1, who was to occupy it for 
40 years; on his retirement in 1919, it lapsed. 
·:rhroughout the 75-year period from the mid 1870s to 1950, the examinations 
in aspects of metallurgy started by the Soci~ty of Arts and continued by the 
City and Guilds' Institute afforded the ambitious man, unable to attend 
full-time studies yet wishing to learn something of the subject, 1vi th means 
to attain his object. On the wider front the formation in Britain of 
'technical colleges' and their courses was greatly assisted by the valuable 
incentive ~rovided by the institute's schem~ 
The City and Guilds' examinations could be taken at a number of local 
centres where appropriate courses were provided. '~hey wer~ainly of 'craft' 
level; that is they aimed at standards achievable by a substantial pro}ortion 
of industrial em~loyees. 0ntil the 1930s there were three levels of 
exe.mination: grade 1, grade 2, :!nd final. The highest QUalification 
attainable by the system 'ms the ?ull Technological Certificate, ori6inally 
(24) Iron, 7oL15 (27 Feb. 1880), 153. 
(25) ROYAL ,_;Q!.'1JfliSSICN :JN TEE DE:??~SSIJ~f OF l'?.AJE AND Lill1JS':'.?:Y, Secc":d repo::::t 
(minutes of evidence and ap~endix part 1). (London: hl:.so, H)36), 
79; evidence of ~harles Belk, the ~aster cutler of 3neffield. 
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:i.ntroduced o::· the .Society of .irts 1 to nark the ·3.chieveme:nt of ?. candidc.te 
~ .. rl:..o au.alified in certain Scie:nce Department subjects as ~ prslirllnar7l and also 
( ~~- \ 
=.s a oor..2. :::~ide practitioner of the trade in >vhich he \·Jas s:x:amined 1 • \..:.O) 
:Tonetheless, the examina ticns system had its ups and do~ms, sui'fering serious 
decline in poyul3.ri ty in soo.e technical subjects in the years before 1030. 
Some of this decline resulted from the ill-advised attem?t of t.l:e Bo.e.:rd of 
Zducation to promote substitute examinations supplied by the local colleges 
for those of the established City and Guilds' system. 
attempt, in 1920 the :Ooard of Sducation requested that in Sngla..."ld and .!ales 
tt.e loiver-grade ex21ninations in iron-and-steel manufacture be sto)ped. Hmvever, 
local colleges ~.,ere un·,.;illing to come for11ard, and the lower-grade exa.r::in.?.. tions, 
together comprising an 'intermediate' level, were re-started in the session 
1 933-34. 
Until 1930 the advanced-level metallurgy papers i'lere in 'iron and steel', 
'non-ferrous ~et allurgy ( ext:.·action and 1-rorking) 1 , and 'electronetall'...U'gJ'' , 
but the small numbers of students availing themselves of the netall~_;_rg-J scb.eme 
in the late 1920s prom!'ted serious reappraisal by the City and Guilds' 
metallur~J advisory comnittee. For many of the years between 1931 and 1950 
the principal of the Constantine Technical College in Hiddlesbrough was among 
the members of this committee, vthich 1-ras stated to be 1 composed of experts 
in the subject, nominated by scientific and technical societies and educational 
bodies 1 .\ 2?) In the mid 1930s this co~~ttee sat under the chairmanship of 
··"r· George Patchin, AHSH, principal of the Sir Job.n Cass 'l1echnical Institute. 
;:2he aim of the reappraisal uas to provide a series of examinations that '>Tould 
give incentive to a2 integr~ted programme of study, conveniently S?read over 
five sessions of three eJ"enings r:reekly. In this revised scheme, em?hasis 
~ms placed. upon a foundation of fundamental sciences, supple!.:!ented by soce 
f.eatures of '::;e:J.eral :::etal:1.urg-J', for ~.-;hlch inter.nediate ex.?..!:l.i:::~ti:ms ':·rere 
:~rovided after the third :rear. 
taken after the fii'th year of study, ·.vas to consist of t· .. w -:::·a)e::.·s, cne 
FOD2T, 
!J.l:C1-J. ' 
F.3., 'Sir :?:lili-v 1'>fa.gr.us '3.."'lC the ~it7 2nd Guilds cf .:..;o-c.c.o:J. 
:nsti<:ute'. Vocat.J..snect, vol.i4- ,:Autumn 1962~, 110f::.. 
'Metall:::.:-~J 3ylla0uses .=-tr.ii e~cani.:1ations'. 
~rcl. 159 (2e June 1935), 520. 
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concerned with 'physical metallur~J', by which was meant 'metallogra?hy, 
pyrometry, heat treatment, physical testing and microscopic examination', and 
the other T;Ti th some specialised branch. l'he choices available fo:::- the 
specialised paper were 'iron and steel', 'non-ferrous metals and alloys 
(extraction)', 'non-ferrous metals and alloys (manufacture)', 'electro-thermal 
processes', and 'electrolytic extraction and refining'. (28 ) The inclusion 
of a substantial section on 'physical metallurgy' was a reflection of the 
considerable growth of knowledge that had taken place since the turn of the 
century. The re-structuring, with greater emphasis on a secure foundation of 
science and mathematics, can be seen to have been initiated by the gro1ring 
movement to provide national certificate schemes in British technical education, 
although such a scheme for metallurgy was not introduced until after 1945. 
'rhe advisory committee's first revised scheme was published in readiness 
for the 1933-34 session, with approval by the Board of Education. In the 
event the examination results in 1934 were poor, with a pass rate at the 
intermediate level of 48 per cent. and at the final level of less than 20 
yer cent.( 29) As a result, the metallurgy advisory committee ap9roached 
the problems more critically in a determined attempt to produce an improved 
set of syllabuses. Professor J.H. Andrew of the University of Sheffield, and 
Assistant Professor L. Taverner, ARSM, of the University College of Swansea, 
were the chief architects of the fres~roposals, outlined above. A later 
commentator remarked that these proposals 'were to have profound effects 
upon future development of metallurgy courses. It was the first time that 
deep educational thought had really permeated ••• •.(30) 
In 1938 the deliberations of the metallurgy advisory committee were 
stimulated by the intimation of the superintendent of the City and Guilds' 
Institute that, because of expense, examinations in such a poorly-supported 
subject as metallur~J might be discontinued. r•foreover, attention was dratm 
to the possible revival of a national certificate scheme for metallurgy. I'he 
committee therefore sought to cater both for 'the artisan' as before, and 
(28) Ai~ON., loc.cit. 
(29) DD1ITiiNG, J., 'An appraisal of national certificate courses in ~etallurgy, 
on 1''3esside 1957-1963'. Unpublished ;·;I • .Sd. thesis, Cniversit;:-r 
of Durham (1967), 8-14. 
(30) D01'fl-J:;::m, J., op.cit., 21. 
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'the executive': syllabuses were devised for two sets of examinations in 
place of one, the course at final level for executives being entitled 
'principles and practice of metallurgical operation' and containing six 
Laetallurgical topics of which examinations in four had to be -oassed for an 
- f ~1 ' 
advanced certificate and five for a full technological certificate.\) J 
'dhen, around 1944, renewed demand for a national certificate scheme did arise, 
attempts were made to integrate the pattern of courses and examinations 
established in the subject by the City and Guilds' Institute with the~her 
elements implicit in the national certificate system. However, opposition 
from various quarters prevented this compromise from becoming reality \dth the 
result that when national certificates in metallurgy were introduced they were 
independent of the City and Guilds' Institute and tended to draw students 
away from its courses and examinations, even though the syllabuses used by 
colleges for the new qualification owed much to the institute. Like the 
revised City and Guilds' syllabus, these national certificate schemes involved 
five years of study, with an intermediate step after the third year, that is 
ordinary national certificate, and they required the student to perform some 
practical laboratory work during his course, something which was lacking from 
the earlier City and Guilds' requirements. 
In 1937 there were 56 entries for the City and Guilds' intermediate 
examinations in metallurgy,and 54 for the final examinations in iron and steel. 
These entries came from eighteen centres: Crewe, Shotton, Wor.kington, Consett, 
Swansea, Barrow, Scunthorpe, Chelsea, Sir John Cass Institute, irewcastle, 
Stoke, -~lednesbury, 13irmingham, Coventry, Bradford, Rotherham, Edinburgh and 
Glasgow.( 32 ) Two years later, in 1939, the number of candidates for the 
intermediate examinations rose to more than 100, and in 1941 it reached 200. 
During the war years 1940 - 1944 the entries for the final examinations showed 
a corresponding increase, to more than 120 in 1944. In the same period the 
number of centres preparing candidates rose to thirty-three.( 33 ) 
Besides contributing to the City and Guilds' Institute, a ~umber of the 
( 31 ) :i}u~·ETING, J., OTI.cit., "' .::o, 27; 55 • 
~~~\ 
'.)C::.) DUluHNG, J.' OD.Cit., ...,..,. C:]• 
(33) Jl:1EHNG, J.' OD.cit., 39. 
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London livery companies individually provided support for developments in 
technical education. To augment the £400 a year granted by the institute to 
~ng's College London for a professorship of metallurgy, the Drapers' Company 
gave £500 to equip the metallurgical laboratory there. Even before the City 
and Guilds' Institute had begun its activities in 1879 or had become 
incorporated under the Company Acts in the following year, the Clothworkers' 
Company had given funds to the Society of Arts to enable it to adopt for 
certain technological subjects the system of payment on results, thereby 
encouraging teachers and regular classes. Later, the Drapers' Company 
provided the applied science laboratories for the University of Sheffield, 
while the Ironmongers' Company 'founded a fellowship of £500 and two research 
scholarshius of £150 each at Sheffield University for cold working of steel 
and other ~errous metals. ' ( 34 ) The Armourers and Brasiers claimed, in the 
years before 1940, to be 'active and generous benefactors by scholarships for 
engineering lincluding aeronautics) and metallurgical research'. They granted 
£100 a year to Sheffield University and co-operated with the Sheffield trades' 
societies and the ~·iaster Cutler in granting prizes and diplomas for new ideas 
to operatives in iron, steel, and allied industries. The company also gave 
a two-year bursary to an apprentice in metal works in Birmingham. The Cutlers' 
Company maintained scholarships and exhibitions at Oxford, Cambridge, London and 
Sheffield universities, while the Tin Plate ~orkers and Wire Workers awarded 
a bursary at Sheffield University. The Founders 1 Company a\'larded ~vro annual 
fellowships of £250 each for postgraduate study as well as three three-year 
scholarships of £40 a year in engineering at King's College London. Dr. ii. 
Hume-Rothery, FRS, w·as a\;arded an Armourers and Brasiers 1 Company research 
fellowship during 1929-32, early in his long career of investigation and 
teaching which was to lead to his appointment as first professor of illetallur~J 
in the University of Oxford. 
lrhe Plumbers' Company supported classes in its subject, at any rate in 
the closing decades of the nineteenth centUX"J. Thus, in 1889 the Durham 
College of Science in :re11castle included classes in plumbing associated ~ri t::;, 
(34) liZ.I1.'.rH, H. Frank and EET:S::SRilWTON, A.L., o-o.cit., 308-309. 
(35) :E:S:..T!:I, .a:. ?rank and Iill'I'EE.RillG1'0N, I 7 
. n. • -'..1 • ' OD. cit •, 308-310 and 351-35:3 • 
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the .L.ondon company, while at :nuch the same time plumbing classes >vere 
available at other places, such as Croydon Polytechnic. In 1903 the company 
produced a set of diagrams 'for the use of classes of technical instruction 
for plumbers'. (36) 
The 'dorshipful Company of Goldsmiths, one of the wealthiest London livery 
companies and one which continued to exercise its right of testing and stamping 
gold and silver articles, has been the single most conspicuous contributor 
to metallurgical instruction. In 1914 the company presented the Sir John Cass 
Institute 1rith equipment for a testing laboratory. A few years before this, 
in 1908, money to support a metallurgical readership was given to the university 
of Cambridge; later, in 1932, the endowment was increased in value so that a 
chair could be established, the Goldsmith's Professorship in Metallurgy. From 
time to time money was also provided for the building of new laboratories, 
and over an extended period funds were made available for promoting research 
in matters affecting the gold and silver industries. 
The groups so far considered can be regarded as chiefly composed of 
disinterested people concerned TN.lth the promotion of technical education as a 
whole rather than with only a particular sector of the field. Ey contrast, 
considerable influence has also come from engineering and technical societies 
for specific developments, including those in metallurgy. The senior engineering 
society in Britain, the Institution of Civil ~ngineers, imposed restrictions 
upon membership w·hich, throughout the period under review, resulted in such 
membership's being regarded as a worthwhile pro£essional qualification. In the 
1850s it is doubtful lillether more than a dozen of those ~ractising metallurgy 
would have been considered eligible for membership of the institution. 
Occasionally, its Proceedings contained papers of metallurgical interest, such 
as ''l'he manufacture of steel' and 'On Bessemer steel rails', which i-Tere both 
published in 1874-75. Bernr~rd Samuelson, soon after his election to 
membership, 1vas awarded the insti.. tution' s Telford Eedal for his 'Descri C>tion of 
two blast furnaces erected in 1870 at Newport, near Middlesbrough'. ()7) 
( 36) PLD'f.IBERS' CO:H:?Ai.JY, 'The Plumbers' Company's diagrams for the use of 
classes of technical instr..lction for Plumbers'. 
(London, ·1903). -
(37) SAMDELSOll, B., 'Description of t1o10 blast furnaces erected in 1870 at 
Newport, near i-liddlesbrough'. Mins.Proc.:Lr..stn.CiYil ~ngrs., 
Yol.32 (1870-71), pt.2, 329-348 plus 3 plates. 
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I. Lowthian Bell not only became a member but served as presidento In the 
1920s Professor :a:.c • .a:. Carpenter, FRS, of the :a.oyal School of 2·Iines, delivered 
to the institution a lecture entitled 'Some recent services of ~etallur~J to 
engineering', while in 1945 the survey was updated by another lecture, 'Some 
developments in ferrous metallur~J'· (38 ) 
The Institution of Civil Engineers showed some practical concern for 
engineering education: in 1868 an 'exhaustive inquiry' was made into the 
conditions and systems of such education existing in Britain and in foreign 
countries, the results being published by the institution in 1870. At five of 
the seven centres in this country which purported to provide 'an engineering 
education' there was a sii'igle teacher and no laboratory. ()gA) Twenty years 
later another statement was published, 'dealing fully with the facilities for 
engineering education afforded ••• by the engineering schools of universities 
and colleges in the British Dominions'. During the 1890s the institution 
established a system of examinations for students and associate members. (3gB) 
Shortly after the opening of the new century, in collaboration 1rith other 
engineering societies, the institution was responsible for preparing a report 
on 'education and training of engineers'. The Iron and Steel Institute was 
included among the bodies represented, and 47 iron-and-steel manufacturers 
1·rere among the total of 676 organisations and individuals approached for views. 
Only one third of the iron-and-steel makers replied to the questionnaire, 
compared with an overall response of almost 40 per cent.(4o) The report 
resulted from the i'iOrk of a committee which sat under the chairmanship of Sir 
'dilliam H. 1-ihite, formerly the Admiralty's chief constructor; in 1908 he was to 
become the first president of the new Institute of i;ietals. Although in Britain 
throughout the century 1851 = 1950 for several reasons 'the metallurgist' aas 
·.v-idely regarded as defi!litely .BQ.i 'an engineer', it is appropriate to revie'ir 
briefly the chief recommendations 'in respect of engineering education' 1:Thich ~·rere 
made by the committee; these ~'l'e:-e .?..dopted by the council of the Institution 
(38) CARPElTTER, H.C.E., 'Some recent services of metallurgy to engineering' 
(the James Forrest lecture, 1927). :·Iins.?roc.Instn.Civil 2ngrs., 
vol.224 (1926-27), ~t.2, 291-341. 
JYR..';;S, C., 'Some develo!Jlllents in ferrous :netallurgy' (:reprint of 1945 
James ?arrest Lecture). Jrnl.Instn.Civil :::nB"., '701.24 (vet. 
1945), 315-347. 
()gA) .'...i.li·lYT.\GE, W.!i.;}., 
?aber, 
·, ... 1 0 t ., . . (- ... "":1 b . 
·'- soc, a.1. n~s orr or engJ..neerJ..ns:. \,.London: .:a er a.'1.C1 
3rd edn.1S70), 235. 
INST:::·..mT!Cli OF 8IV:IL E:m:;::iEEJ.S, 'Bducation and training .:;r' engineers. 
~~e:_?ort of '2. committee ap"?ointed ':Jy th2 COlJ.ncil •.. Jn Nover:::ter 
4th, 1·.;;C3'. 1enr8duced .in frans.Instn.Minin:;: Cns;:-:-s., 70i.30 
·; 9CS-'JC) :: ;l ~}35:_486. 
:::~3TIT"U~IC~-r ~:2 ,]I7I~ ~:TGI~IEERS. ·::n.eit: .... J.O?£ 
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of Civil Engineers in 1906. The report recorruT,ended. th•_lt 1 the av2rai~;u boy' 
should leave school at about seventeen years of age. The CO!n2i ttee \vas 
'unanimous in the opinion that engineering training must include several ye::>.rs 
of practic-3.1 work, as well as a proper academic training.' Pr8.ctical t:caining 
should be divided into two sections, with one part, a preliminary year, spent 
in mechanical-engineering "l'rorkshops. Some of the training should be obtained 
in drm-Ting offices, anrl altogether a total of four years' practical training 
was favoured, although three years, or even less for exceptional ability, 
~vould be appropriate where college training was completed before undertaking 
practical training. As far as formal academic tuition was concerned, a period 
of three college sessions was advised 'for the average student', provided he 
was well prepared, but it was added that students 'who desire to follo,., up the 
science of their profession' might profitably add a fourth year at college. 
It was pointed out that 'a sound and extensive knowledge of mathematics is 
• llb h f . - I ( 41 ) necessary 1n a ranc .. es o eng1neer1ng • 
Several other sections of the recommendations of the Institution of Civil 
Engineers' joint co~~~ttee remain of relevance three quarters of a century later. 
For instance the committee advised that, wherever feasible, first-year college 
work should be co~mon for all engineering students. Again, the co~>ittee 
recommended that mathematics' teaching should be integrated with the engineering 
instruction, and that 'teachers of pure mathematics ••• in dealing with the 
students during their co~rnon course of study, should be well-informed as to the 
applications of mathematics in engineering'. 'rhe report commented that 
'instruction in testing materials ••• and in the principles underlying 
metallurgical processes ••• incidental to the branch of engineering in which 
the student proposes to specialize, should be included in the college course.•( 42 ) 
Moreover, facilities for, and organisation of, postgraduate \<fOrk by engineering 
students in universities and higher technical institutions should be considerably 
increased. It vras considered that the influenqe of the resenrch students and 
the products of their researches would be 'highly beneficial' to younger students 
and advantageous to industry. Finally, the committee recognised what was at the 
(41) IHS'rii'U:ION OF CIVIL ENGINEERS, on.cit., 494-498. 
(42) INSTITU'l'IOi'T OJ!' CIVIL .:::;.IGin~ERS, on.cit., 498. 
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time, and T:ras to re:1ain for :::c-ny years, one of the biggest obst2cles to 
better q_UP .. L~fic.c>..tion by t·"'" in.d.ividual: 1 the symp--'lthetic assist.!.nce of employer3 
t t L . . • d t• d t . . I ( 43 ) s is essen i.cll o improvemen..., ll1 en.:,-lneerlng e uca lon an r::nru.ng. orne 
years later, around 1911, the Insti b.J.tion of Civil Engineers played a l.s.rge ( '·i) 
part in the organisation of a conference on engineering educati:m, \'+·. 
Like the Institution of Civil Engineers, the younger Institution of 
i:echanical Engineers, founded only a fel·r years tcfore 1851, sought to restrict 
membership to those showing evidence of certain standards of engineering 
competence. Perhaps by the nature of the interests of members of the two 
institutions, the Mechanical Engineers provided greater kinship for metallurgists. 
In the thirty-year 9eriod up to 1881 the Proceedings of the Institution of 
Mechanical Engineers contained a dozen papers on aspects of steel, ranging 
from 'Hanufacture of the Uchatius cast steel' of 1858, which described a 
process carried on in Newcastle-upon-Tyne, to 'Iron and steel for ships' of 
1881 , ,.,hich dealt \·Ti th th~ mechanical behaviour of the r:1a terials. Because of 
the institution's interest in materials it appointed about 1878 a 'co~ttee 
on the hardening, tempering, and annealing of steel'. Among the members of 
this were Mr. (later Dr., and Sir) ~:filliam Anderson, the director-general of 
the Royal Ordnance Factories at Hoolwich, who was chairman, Professor F.A. Abel, 
FRS, a former student of the College of Chemistry in Hanover Square in 1845 and 
chemist to the \Jar Office, and V.T. Chandler Roberts, ARSH, FRS, ;-rho became 
professor of metallurgy at the Royal School of Hines shortly after\vards. 'ihe 
first report of this committee, compiled in 1879, was published ih 1881, uhile 
another, describing the condition in which carbon exists in steel, appeared in 
1885. 
Again, in the early part of 1890, on the recommendation of Dr. Anderson, 
the council of the Institution of ;.iechanical 6ngineers appointed a con::littee, 
the Alloys Research Cor::L~Jittee, \<lith the object of furthering investigations 
uhich Profes:::;or ,:.c. Roberts-Austen (as he then styled himself) had already 
made into the effects of small admixtures of impurities on the mechanical 
properties of metals. :During the ten years which fo llO>ied, five reports on 
(43) IliS'l'I'l'U'riOf: 01<' CITIL l::l:IGDjEERS, 08.cit., 499. 
(44) ARI-iYTAGE, W .H.G., op.ci t., 247. 
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the ~;ork were presented to the institution. (45) This metallurgical rese~rch 
>vork stiBulated by the In.·; ti tution of ;Iech::mical 8n:;ineer:s ·..:as to have Lcr·-r·:u:~;i.::;:; 
results. Until 1902 ::J·Jst of it 1ms done at the R.oyal i·iint, l·rhere a succession 
of Associa.tes of the :::l.oye.l School of i·,ines obtained excellent :;JOSt:','l'adua te 
kno·crledo::,-e of .s.lloys and. the techniques for tt:ei r investi::;·,ttirm. 1'2-le fint 
report, for instance, presented in October 1891, drew attention to the rece~tly-
discovered te Chatelier pyrometer as a useful tool for suc~1 ;,-or:-::. 
metallurgists associated with Professor ~1.oberts-Austen included: ::-Ienry C • 
.Jenkins, afterr.-.ards instructor at the Royal School of ihnes an.d Govern121ent 
metallurgist in Victoria; Alfred Stansfield, from 1901 professor of metallur51 
at the Li:cGill University, I·!ontreal; \'iilliam H. Merrett, subsequently assistant 
professor of metallurgy at the Ro;ral School of ~hnes; A.J. Brett, manrtgfJ!" of 
th C '-' .J h b ( 46 ) d S r.r S · th t th '=' 1 ·'' t ( 4 7) e ror.·m t'llnes, o annes urg; an •"• ml, , assayer a e uoya ..:1.n • 
After 1902, coinciding with the death of Roberts-Austen, the investigations 
'lvere transferred to the ne;rly-opened i~ational Physical Laboratory, thereby 
providing encouragement for metallurgical research there from its early years • 
.!.'he Institution of I'·!echanical Engineers' sponsorship of 1rork on alloys 
in the quarter century from 1879 advanced and broadened the subject of 
metallurgy and did much to bring about an appreciation of the possibilities 
of 'research'. However, not all of the work of the 'metallurgist' falls 
within the scope of 'engineering', and for many purposes and m.3J1_y people, 
especially in the period before 1930, metallurgy was considered to be a branch 
of chemistry. It was therefore natural that some metallurgists should look 
for technical stimulation and fresh information to the pages of chemical 
periodicals and the meetings of chemical societies. The earliest of such 
groups, exclusively devoted to the science of chemistry, had been forued in 
1841 as the Chemical Society of London; its aims were 'the general advancement 
of chemical science, by the discussion and publication of new discoveries, and 
(45) SNITH, S.\·1., Roberts-Austen a record of his work. 
(London: Griffin, 1 914), 132. 
( 46) s;nTH, s. 'tl. , ou.cit., 144. 
(47) HAUGHTON, 
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I (48) the interchange of valuable infor.::l3. tion respecting them. In 1877 anotr1:':!r 
group, the Institute of C112!~listr~l of Great Britain and Ireland, \I£!.3 establis.:1ed 
to protect the st,cmdir;g of professional chemists, membershil) being made 
condition~l upon fulfil~ent of certain criteria. In the period up to 1945, 
when fe-:~ qual ification3 in ;:'etc::J lurgy itself 'tlere avc>.ilable, me:ab ~rsf',i? of the 
Institute of Che:,~ists ~·I as sought as a recognition of technical COJl_,_~e tence 
by an appreciable proportion of those working in metallurgical industries. 
Only four years after the Institute of Chemistry had come into being there 
>Jas formed, in 1581 , yet another body, the Society of Chemical Indus trn this 
aimed to take all manufacturing chemistrJ in its purvie:·r. The first president 
was Sir Henry Roscoe of Manchester, and there was considerable fraternisation 
between it and the other chemical groups. At first a section of the society•s 
Journal was set aside for metallurgy; subsequently, 'electro-metallur~J' was 
segregated. Professor A.K. Huntington, ARSM, of King's College, London, 
addressing the Institute of Metals in 1913, observed that 'there can be no 
doubt that the Society of Che:~Lical Industry has done good ':rork in tt.e field 
our institute covers, and vre should be grateful to it'.( 49 ) Huntington had 
been persuaded by Sir Frederick Abel to contribute two short papers to the first 
annual meeting of the society, held in Manchester: the '[,[exican e..I!lalgam.ation 
process for silver', and 1 Hickel'. I. Lowthian Bell served as '!_)resident of the 
society, and for his address discussed 'Smelting or iron ores considered 
chemically'. Papers read before sections of the society in the period 1896 -
1905 included about thirty having direct metallurgical relevance; these raP~ed 
from 'The dressing of minerals' and 'The manufacture of pig iron in India' to 
'The physical and chemical properties of slags' and several dealing with gold 
extraction by cyanide solutions, a commercial technique which had originated 
in Scotland shortly before 1890. (50) 
(48) PILCHER, Richard B., The Institute of Che!':Iistcy of Great Britain and 
Ireland ••. History of the Institute: 1877-1914. 
rLondon: The Institute, 1914), 9. 
(49) HUNTINGTON, A.K., 'Presidential address'. J'rnl.Inst .Hetals 1 vol. 9 (1913), no. 1, 29. 
(50) REUAUT, F.U. ann. others (eds.), 'List of papers read before sections 
of the society ••• 1896-1905'. 
Decennial index of the Journal of the Societ'r of Che:::ical 
Industrv vols. 1 to 24 18 6-1Q05, 
London: Vacher & 3ons, 1908 , 1-19. 
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'Lhe number of chemical societies, at least partly relevant to t!1.e 
=~tallure;ist, iiO.S fUl'ther i~1cre2.sed in 1903 'dith the foundation of tile _..',uo~.Jc._;; 
3ociety, the scope of \·ihich originally embr·aced the topics of wetalloe;raphy 
and electric furnaces. In 1914 the society organised a 'general discussion' on 
1 the hardenin:; of ::cet.-Lls', foL_owed in 1915 by one on 't?:e cor.:·osion of metals', 
and in 1920 it held a "'eetir.g on 'basic slaGs: their _?reduction ."_nd utilization 
in agriculture 1 • Five years later the Faraday Society took the setallurgical 
initiative once again by arranging a London meeting on 'the physic·1l cl1enistry 
of steel-mclcing process9s 1 • ~his was the first ti~e the topic had been widely 
discussed and, according to a leading steel researcher in the 1970s, it 
provided 'the first stimulus to modern research on metallurgical reactions'. ( 51 ) 
Nearly a quarter of a centu~J onwards, the society was responsible for promoting 
another discussion meeting on much the same theme, but this time broadened to 
cover more than one metal: 'the physical chemistry of process metallurgy'. 
This event was held outside a big tmm, at Ashame Hill in -.f2.rdd:shire; it 
attracted 150 r~rticipants, and the material presented was to influence the 
thinking and actions of researchers during the following two or three decades. 
With the exception of the London city guilds, all of the groups mentioned 
so far were national in character. It is true some held ~ecti~gs in a 
succession of towns while others, such as the Society of Chemical Ircdustry, 
organised a number of 'local meetings'. Besides these, several :region::tl 
bodies have not only supported metallurgists at one time or anot!:er but have 
been the vehicle for appreciable encouragement of metallurgical instruction. 
In this category two regional societies important in their districts during 
the third quarter of the nineteenth century were the South \/ales Institute of 
~ngineers and the Cleveland Institution of Engineers • .i.'he former, founded at 
Cardiff in 1857, by the nature of its district was primarily devoted to matters 
relating to the coal industry, although it found room for ironm~~ing. By 
contrast, the Cleveland Institution of Engineers, formed in 1864, vrhile concerned 
with technical developments in t~e iron industry, was also a forum for the 
delivery and discussion of papers on a wide range of engineering subjects. 
:!!'or the last forty years of the nineteenth century and the first t1venty or 
thirty of the twentieth 1 the regular monthly meetings of the Cleveland 
(51) ·rURKDOGll.l'T, E.'T'., in PEHLIV::, R.D. and others (eds.), 
BOF steelJCl.:_-.l.:ing volume 2 theory. (He;.r Yor~·:: Iron :3t<Jel 
Soc. of AIME, 1975), 1. 
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Institution of Engineers must have been a major source of technic·:tl stimulus 
to those involved in the higher levels of the local iron-ar1d-steel industry. 
~:creover, on a nlli'·tber of occe.si.•Jns presidents found opportu..11.i ty in their 
addresses to st.L·ess the desirability of increa;:;ed technical instruction; 
during the period 1910- 1930, the institution influenced the cre.CJ.tion of a 
technical college in ~iddlesbrough to serve industrial needs. 
One further society to be considered is the Institution of ~:ining and 
Metallurg".f. Unlike the other bodies revie•,;ed, this i-Tas sufficier;tly concerned 
with metallurgy to be invited in the 1930s and 1940s by the Board of 2ducation 
to participate with the Iron and Steel Institute and the Institute of :.etals 
in discussions with the object of producing a national certificate sche8e in 
metallurgy: in the second half of the 1940s it was a con~ituent of the Joint 
Connittee on i·ietallurgical Education. Nonetheless, as its title sugses ts, this 
group's predominant concern was with mining, and it is partly for this reason 
that its irn0act upon metallurgical instruction was considerably less than 
might otheri'iise :;_ave been the case. 
The idea of a body that i·rould reflect the professional and technical 
interests of those engaged in ;:JetG.l min.ing and the associated metal :9roduction 
was mooted early in the 1880s at a meetircg of a dozen Associates of the Royal 
School of 1-Iines, but the suggestion was unsuccessful at the time; it took anoti.1er 
ten years before it proved possible to achieve the dc:sil'ed object and there 
came into being uhat 1-ms soon styled 'the Ir..sti tution of Mining and Metallurg-.t'. 
Among the factors providing inspiration for formation of the ne;r society uas 
the success of two bodies \nth more-or-less unrestricted meQbership: the Iron 
and Steel Institute, formed in 1869, and the American Institute of ;~inii'.g 
Engineers, founded two yea:r.·s later, in 1871, in the USA. Despite its title, 
the interests of the American institute extended from minern.l dcpo3its to metal 
production, the word 'metallurgy' being added in 1919. Around 1820 several 
of the British regional societies concerned with mining lent sUp]ort to 
formation of a nationn.l federated Institution of dining Engineers. At this 
time too, London was fast becoming n.n i~portant financial centre, the 
controlling capital of metal production underta.\:en with British money in far-
distant parts of the ~'i'orld, for example tin in MalP.ya, copper in A•J.stralasia, 
and gold i~ 8outh Africa, Western Australia and South India. Thus there 
appeared to be scope for a body- which embraced this sector of industrial 
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endeavour. In an attcrc_pt to e.void conflict, on the one }wYld ;rith the estab:;_is!1ed 
rninine i:1stitutes e>.nd on th9 other witi1 the Iron and Steel Institute, 
Institution of Mining and Metallurgy was careful to state that its objects 
included the advanceo2nt of 'the science and practice' of minin~ minerals other 
than coal, nnd th~; ~1ct,OJ.llur::;y of metals ot:cer th:"n iron. Ai1otl1.2r object, 
o.nd one :;ertinent to ed'~lC:~ttion, <v:;.s 'to facili t::~.te the acqJisi tion and 
T)reserv::ction of t::at ~:no·..rled;-e \·ihich pertains to the profe~~;sion of a rr:ini nz 
~ngineer and ~etal!u~gist'.( 52 ) 
Like the Institution of 1hning Engineers and the older Instih.J_tio:o_s of 
Civil and Mechanical Engineers, the Institution of i·lining and :.etallu1::;y 
sought to Cla.1<:e itself a professional body, admitting to membershl;J only those 
~~rho could sho1f evidence of what 1.Yere at the time high academic sta.TCdards, 
together w~th experience of responsible work. Two grades of cor?orate 
membership vrere created, 'members' and 'associate members'. There -vras, in 
addition, a class of 'student members'. This stipulation of certain standards 
for tec~~ical and ethica.l com~etence arose from the employment requirements 
of the London financial groups, which needed men to serve as oanagers or agents, 
representing their employers far away from headquarters. In this respect, 
the industry associated ~d th the Institution of i::iniug and i·cetallurgy differed 
substantially fro'll that related to the Iron and Steel Institute, ,,;here 'imrks' 
proprietors might be in direct and daily control of their enter?rises, able to 
keep close check on the actions of their technical employees. 
this careful delineation of its territory of interest, as well as by the 
substantial restriction of those eligible for membership, the institution 
handicapped itself, with the result that its sphere of influence remained 
limited throughout the period under review. Moreover, although its objects 
referred to 'the metallurgy of metals other than iron', the institution chose 
to confine its metallurgical field to the extraction of metals: it ignored 
those aspects relating to the properties, behaviour, and subsequent treatment 
of metals for effective use, an area which saw verJ great expariliion during the 
first half of the twentieth century. 
Hot surprisingly, throughout the period un to 1950, the In3ti tution of 
I-Iining and Metallurgy had close links with the Royal School of i·iines. During 
(52) ANOH., Extraction and 
symposiur:1 ••• 
title pace. 
of the rarer metals (Procs. of a 
Instn.~in.hetall., 1957), facing 
( 210 ) 
the first decade of the co.nturJ it vms instrumental in emi:·hasising the 
i~portance to industry of the school to the Hoyal Commission on t'-~e future 
of th8 Roya.l Colle~;e of Science and the S.oyal School of i-:ines, frcu1 whose 
recof.:1I:l•~acL:tions the Ir:tp'O!rieJ. College of Science and TechnoloGY eme::·ged. 
in 1910-11, it successfully ca:n)aigned for suoscri:,Jtions for eo_uipping a 
1 l38sserl'.:?r memorial l=:bora tory 1 at the school. Conveniently si tu::>.ted for the 
London offices of coml1a.nies with overseas interests, the exte::o.c.i ve equipment 
in this building, besides serving the needs of students, uas designed to 
provide comnercial testing facilities in the capital. ;.;any of the J_-;;,_;:::cs -. .-el·e 
large enough for pilot-plant scale, and incidentally in succeeding years 
became increasingly extravagant to run. 
In 1924, the year of the Zmpire Ex...l'libition at 1:iembley, the institution 
was res_ponsi'ole for much of the organisation, at '.~embley, of an 1 en~)ir<~ mining 
and metallurgical congress'. Lasting for three or four days, this neeti~g 
proved to be the first of a series, at one ti"'-e intended to be trien.nL-..1 e.nd, 
under the changed name cf the 1 com.r;-,oimeal th mining and ::net:=tllurgical congress 1 , 
extending into the 1970s. The second congress was held in Can~da in 1927, the 
third in South Africa in 1930, and the fourth again in rlritain in 1949 after 
3.ll interval of nearly twenty years. By their promotion of intercational 
improvements in the technolo~J and economics of the mineral industries these 
congresses had some influence upon metallurgical instruction. In addition, 
the first one provided the occasion for a survey of British university facib. ties 
for such instruction. This Has presented by Professor H.C.H. Carpenter of 
the Royal School of 1-~ines and it formed one of tl:e few publicly-recorded 
instances of interest in the topic to appear before 1937. ( 53 ) 
Despite being based in London, by its nature the Institution of :'iining 
and Metallurg,y showed wide geographical spread in the subjects of its ]apers, 
>·rhich were presented for discussion at meetings and published ir. t!1e regu.lar 
Transactions. ;o'li thin the institution, high standards of technical competence 
could be recognised by m-rard of 'honorary membe:r;ship', and of v~:crious oedals 
and sums of money. Among these aTnards was one, the Arthur Claudet -:-;rize, 
(53) C.ARPE:;_:;-:r:s~, H. C .H., 'Metallurgical education of univer::;i ty rank in 
Great Britain'. Proc. (1st) Zmnire hinin.?:' Metall. Conr:ress, 
London 1a2 ~rt ~ non-ferrous metallur~, 
London: 1 :J25), 43-79. . 
( 21 1 ) 
directly intended to encournge papers by me tallur,:;ical s bAents; u:.'l.til 1950, 
each year this prize was of ten guineas (~10.50). Froo 1902, ~erit in either 
a paper or in research presented by corporate meBbers could be e~couraged by 
mmrd of the c .. :msolid.:c.ted G0ld ~'ields of South Africa Limited col_d :'1edal .<md 
:premiwn of fort_y g~~in8c.:s (Z42 .00). To mB.rk distinguished service in '3.Ccord 
with the institution's objects, 36 recioients were given its own gold medal 
in the half century to 1950. Of this number a minor but ap::=:reciable fraction 
Has bestm·•ed partially or ;·;holly in recognition of advances in tec:'ll.ic.:'.l 
education, but only four or five related S!=ecifically to L",etc.llur,:;;;;r: tuo or 
three before 1910, and one or h:o more in the 40 subseque:1t yem."s. Clearly, 
metallurgical instruction did not feature prominently in the institution's 
council. Indeed, of the 50 presidents to hold office in period from the 
ins ti tu ti on's inception in 1892 to the year 1950, only three were full-time 
teachers of Betallurgy: A.K. Huntington, ARSI•I, (1894-95), professor at King's 
College, London; 'dilliam Govrland, ARSH, (1907-08), professor at t:he ~oyo.l 
School of Ihnes; and a subsequent professor at the school, Sir ]arold 
Carpenter ( 1 934-35). 'l'';O of ttese vrere recipients of the ii1...s ti tu tion' s gold 
2edal. For the session 1956-57, another ~etallurgist at the Royal School of 
Mines, Professor C •. i. Dennatt, A...0.S;·1, c·ms to be president, and his addresc\·as 
to be delivered under the title 'The study of technolo~J as a branch of 
education'. One of the few other presidents to make significant references 
to metallurgical tuition was the last to hold office in the first half of the 
twentieth century, ";l.A.C. Ne>n:nan, A.HSH, who entitled his address appropriately 
'The role of the Institution in present-day educational developments'. Besides 
holding the position of chemist and assayer at the Royal ;.,int, for many years 
I:r. Newman was a part-time metallurgy teacher at the Sir John Cass Institute 
in the City of London, and he was personally involved in the deliberations of 
the joint comr'littee on metallurgical education as representative of the 
Institution of nining and ;;etallurgy. 
As with other co~9ar~ble British societies, substgnti~l financial support 
for the Institution of :·iining and !Ietallurgy came from industry. One positive 
r.-ray in '<l'hich the institution contributed directly to metallurc;ica.l instruction 
vras by its administration of various scholarship schemes for -,r:r~ich industrial 
funds were provided. 'I'he earliest instance of such scholarships cw.ne in 1901 
uhen a scheme 1-iaS started w!-,ereby a small nUBber of students of oining and 
:J.etallur[zy, individually selected by the institution, received 'postg::.·1ldu.::1te 
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scholarsD.ips' to travel to ap;>ropriate active industrial sites clrrd to be 
maintained there during 'l year's uork. Cnder this syste~, in th~ early years 
of the cent1;r:', gratiuE>.tes fror;: t:1e ?.o2fal School of hines, th:: :_.:fl_ive:·sit2.- of 
Bir-0in;:;ha2, t1:e Ar:T,stro:ls Colle•:;e (irec·icastle) of tLe Univerc:;i ty of lJ·~r'n2.n, 
King's Coll8c_';e, Lonuon, ~:.n<l the C2mborne School of Mines, obte.ic:led c:x:~erience 
of conditions at mini11.g and met2.llurgical sites in -.iestern ,,ustrc'.lL·, ,~_nd 
South Africa. After 1945 t~1ere ca:ne reneived and extended acti v:i. ty in this 
sector, the institution being involved in the distribution of funds fron 
several industr·ial sources, most substantially the I•iond Nickel Comp'lny c:.nd the 
.i:Iuffield ?ounda tion, and for several successive years it -:;;as consul ted in 
the selection of recipients for awards for study of metallurGical operations 
abroad. "'-fter three years' operation of the l'iuffi•'l ld ~'ou~do. tion 1 s sc}lewe, by 
1949 a total of 54 people had received grants for overseas' travel and 
. (54) 
experlence. In addition, the inS:itution was closely associated ,;i t.h the 
~(nich ~:as to make considerable contributions to postgraduate tl'nining in 
research '1nd the extension of the boundaries of lr..nmvledge. In 1948 Governnent 
asked for the il1..stitution 1 s vie~·is on training in mineral dressing, ~·rhich up to 
that ti!ne had been regarued as a surJsidiary of coursc:,s in either mining or 
metallure;y; soon after 1950, the first B.Sc. der,ree course in t!:c subject 1·ri thin 
the com~omreal th ~-ras to be initiated at the Royal School of hines. 
By the closing years of the century 1851 - 1950 the Institution of ~':inir'.g 
and i-Ietallurgy was begiiL"ling to enter a nei·I phase in "\·ihich .:;rea ter prominence 
c<as to be given to metallurg"J than h-=td been the case in the 1920s and 1930s, 
uhen feH papers came for-mrd. '1.'o coincide with the fourth empire r:rinine; and 
metallurgical congress, the institution organised a two-day meeting in 1949 
on ''l'he refininz of non-ferrous metals 1 ,( 55 ) ond for the first time oade 
funds available for a distinguished lecture on an ap_:Jropriate metallurbical 
topi.c. This Has delivered by Dr. C.H. Desch, J.i'RS, a former ~)rofessor· of 
(54) NE\m.Uf, ;LA.C., 'Presidential address'. 
(55) 
'.I'rans. In:-~tn.Min.[·fetall., vol. 58 ( 1943-49), 52. 
SMOU~, Arthur J.G., 'Introduction'. 
metals (proceedings of 
July, 1949), (London: 
.:UTOri., Ile~·ini n,:; ·Jf non-ferrous 
a sympooiuo held in London in 
Instn.l-dn.;:etnll., 1950), 7. 
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:;etallurg-y in Glc..sgo·,.; and Sheffield, on '~he effect of impurities on the 
properties of metals'. ihe institution's meeting on refinins m~~ked a cruci2l 
neH develonment in its encoul'a~ement and yr·ovision of technolot>;ical in.foruation 
relating to the minerccl industi·y, for in sur.'sequent years it Has to organise 
other meetin~s, inclur.Lin,··· a sy-Gl)Osi u.m in 1952 on recent develo~:nents in mineral 
dl'essic.;· ·.-Thic!1 '.i·:s to _;:-rove to 'os the fir3t of a series of inte::·n:t':ionJ.l 
conferences OY'. the subject 'lCld, in 1956, a sr-posium on the extre:.ctive r.:etallurgy 
of s02e of tl~e le3s-corrr·;on Il''~t.:.lls. riy that date too, the institution ·.-12.s to 
have sporl::>ored public.s.tion of reports on 'The physic:,ll che21istry .Jf copper 
s~elting' ;repared by the British Non-Ferrous ~etals ~ase2rch Associ2tion, and on 
'The pl:.ysical chemistr-y of melts' resulting from a sy-~posiw:--: helcl by tl1e l:uffield 
Research Group in Extraction ;.:etallurgy. 'rhus, in a number of i·T3.JS, in the 
years after 1945 the Institution of 1-Iining and l·:etallurgy r:Jused itself from 
its former reluctance to take a lead in promoting Eetsllurgical tuition and 
adopted a more-positive attitude and one more in kee9in~ •,fi th tile fulfilsent 
of the res;o~3ibiliti?s implicit in the granting in 1915 of~ roy~l c~~rter. 
Finally, in this survey of group influenc<~s durin;- the century 1851 - 1S50, 
mention may be ~.1.;.de of <:'n instnnce ·.-;hen formal instruction Has soc.:.ght on -'-' ~ne 
initiative of a trade body concerned ·.vi th the frinzes of metallurgy. 'l'l!is body, 
the Associe .. ted Foreman Smiths of Scotland, at some time in the 1920s requested 
the Royal '.i.'ecr-~nical College in Glasgow to provide cl8.sses sui table for its 
members; the society guaranteed to make up 1 the difference betvreen the fees 
paid by the students and the fee paid to the lecturer.' ( 56 ) '..lhe outcome of 
the request is not :mo1m, but it seems unlikely that, even if one series of 
classes was supplied, there 1vould be demand for tuition on a regular or 
extended basis. 
'Taken altogether, many organisations which were in existence for at least 
some part of the century 1851 - 1950 significantly influenced the develo8ment 
of metallurgical instruction, either directly or indirectly. Tuition in 
(56) co;~:-JT'L'E3 Factors in industrial and commercial 
-r:~~=-==.._-'-";...::::.:=........:c=-;:~-'o'-'nc=.ce"", -=..o.::.f__:::_a survey of indus tries • • • • 
201 • 
( 214 ) 
metallurgy obtained benefit as the result of extended examination systems and 
wider availability of classes in technical subjects and because of the increased 
stature and acadenic respectability th"it ensued from a widened ancl deepened 
field of study. A substantial proportion of the City of London livery companies, 
prompted to action by public pressure in the 1870s, did much to encourage 
technical-instr~ction classes, mainly through the joint City ~d Guilds of 
London Institute but also by monetary benefactions from individual companies. 
The City and Guilds' Institute supported the cause of technical education in 
general, while certain livery companies supplied help specifically for metallurgy, 
as for instance in equipping laboratories at the Sir John Cass Institute in 
London and endoiring a professorship in the University of Cambridge. 
The two oldest nineteenth-century professional engineering societies, the 
Institutions of Civil and Hechanical Engineers, included among their membership 
some metallurgists, and occasionally considered metallurgical topics at their 
meetings. Even in the nineteenth century the Institution of Civil Engineers 
showed concern for vocational education and the join~ committee on engineering 
training i'lhich was convened on its initiative soon after 1901 included 
representation from the Iron and Steel Institute. The report of this committee, 
published in 1906, recognised that one of the greatest barriers that prevented 
individuals from receiving reasonable amounts of training was the uncooperative 
attitude of many employers. 'l'he Institution of f<iechanical Engineers, inspired 
by a few individual members, from 1890 actively promoted research into features 
of alloys. These investigations provided one of the first British instances 
of organised group metallurgical work and they influenced the decision to 
include metallurgy as a major sector of the National Physical Laboratory which 
started at the beginning of the new century. Besides the national engineering 
societies several regional bodies, such as the South if ales Institute of 
Engineers and the Cleveland Institution of Engineers, devoted parts of their 
meetings and publications to metallurgical topics and lent support to the 
development of local technical classes. 
It was not only engineering societies which had relevance for metallurgy, 
for chemical groups, too, shared common ground. After the Institute of 
Chemistry was formed in London in 1877 to protect the interests and standing 
of chemists, a substantial number of practising metallurgists became members,_ 
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a situation that was to continue until after 1950. By 1903 bw cher~ical 
learned societies 'o'li th metallurgical leanings had come into existence, the 
Society of Chemical Industry and the ?ar,,d?.y Society. 'l'he latter, in particul&r, 
aided the subject of metalllll'sfr including its theoretical principles, by 
organising several discussion ~eetings which proved to be seminal. The 
engineering and chemical societies' contributions to ~etallurgical education 
resulted chiefly from the broadening of knowledge, supplemented by some 
encouragement for research. 
~,lith engineering and chemistry, metallurgy's third near neighbour was 
mining, and it, 1892 there was founded a qualifying body, the Institution of 
l·iining and i:Ietallurgy, which sought to establish professional standards in 
certain portions of the fields explicit in its title. Its main cone ern uas 
~nth mining, however, and its interest in metallurgy was limited to the 
production of non-ferrous metals from their ores. The institution was a 
convenience for London companies financing overseas metal-producing properties 
but, despite the inclusion of 'metallurgy' in its title, with its restricted 
outlook it repeatedly failed to represent the interests of most Jritish 
metallurgists. Nonetheless, the Institution of Nining and ;,ietallurgy was 
entrusted with the administration of schemes to encourage undergraduate and 
postgraduate training. In the present context a pertinent act of the institution 
was its organisation of the first 'Empire mining and metallurgical congress' 
held in London in 1924; this led to the discussion and publication of a survey 
of the advanced metallurgical instruction then available in the country, the 
first occasion on which such a comprehensive review had appeared. Professor 
H.C.H. Carpenter of the Royal School of Mines, who compiled the survey, took 
the opportunity to make the point that, in his view, there were plenty of 
university departments of metallurgy in existence: by implication, he thought 
there were more than enough to meet the low numbers of students coming forward 
and the small demand for the product. As several of these academic departments 
possessed resources which were extremely limited·in the 1930s and the first 
half of the 1940s, the long-term interests of metallurgical education might 
well have been better served by a smaller number of centres, each working 
with adequate equipment in a beneficent environment, and directed by inspired 
leadership. 
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:n -cne 1riC.er front, a distinctly-~elpful influence ~.;as exe!'cised. by tl'.e 
3ociety of Arts and th~ Britis~~ ) .. ssociation for the .~dvancem2nt of Science, 
especiell:" in the e'::rlier ·')e.::.·t o:~ the ::;eriod 1851 - 1950. 3ot:·: bodies 
included occasional metallurgical topics in their prograflffies, end the Society 
of .S.rts in the 1870s -ems responsible for initiating technological ex2II!in3.tions 
~ic.ich included metalL<rgy. By comparison, the Royal .:Society of London 1-ras 
not conspicuously active in encouraging the subject, although fro~ 1932 to 
1955 one of its Warren· Research Fellowships ivas mmrded to Dr. William 
J:ume-Rothery, a notable uo :·~er in metallurgy in the Universi-ty of Oxford. 
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Chanter 9 
PRO?ESSIONAL SOCIETIES Aim RESEARCH ASSOCIATIONS 
fhe Role of Orge.nised Groups Primarily Concerned >ti th i·;etall urgy 
Although metallurgical instruction in Britain has been helped 
consider~bly as the result of exertions and benefactions made by bodies such 
as the Institutions of Civil and ~:echanical Engineers, the Institution of 
l'iining and i'Ietallurgy, and the London Guilds, not surprisingly it has also 
been advanced by a number of organisations concerned primarily with metallurgy. 
i'he one with the longest national record is the :ron and Steel Institute, in 
existence for eighty years of the century 1851 - 1950. For the last forty 
years of the period, the Iron and Steel Institute came to be rivalled in its 
influence by the Institute of I~tals, while for the five years 1946 - 1950 
another body, the Institution of Metallurgists, became significant. TITO 
other specialist national groups which contributed 1·1ere the Institute of 
British Foundrymen and the Institute of Aelding. On a more restricted 
geographical scale, several local groups pl~yed their parts, notably the 
Birmingham l'Ietallurgical Society, founded in 1903. Besides these 'learned 
societies', after 1920 a number of industrial research associations helped 
promote metallurgical knowledge and jobs. Altogether, in terms of the number 
of organisations ~resent in the field, metallurgy was not 11ithout friends, so 
that eppropriate instructicn should. have been championed; ho~·rever, until the 
19.:1.0s, most of the bodies >'lere not prepared to ado-pt active and a.ggressi ve 
atti tud·e.s tot-lards the provision of instructional facilities. 
I'he earliest groups for the 'oenefi t of mete..llurgy i·rere fo:::-med in the l:J.te 
1860s. In the provinces, e..lthough the South ;.'ales Institute of :;:;nginee::-s 
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1<hich started in 1857 and the Cleve laz:d Ins ti tu tion c£ i:;ngi neers founded. in 
1864 ~·rere not primarily devoted to metallurgical pursuits, the South 
Staffordshi!"e ::ill and Forge ::anagers' Association of 1866 1vas: albeit to 
promote harmony and business in the district's iron trade. ·rhis body, 1rhich 
was later to become the Staffordshire Iron and Steel Institute, did recog~ise 
the important need among ironworks' managers for greater metallurgical, 
mechanical, and scientific knowledge; in fact, the president in the institute's 
centenary year hazarded the opinion that it was the educational side which had 
persuaded the various proprietors 'that the objectives of the Association 
1-;ere • • • sooething W"hich they should sup-port'. In 1887, the institute was 
able to oake arrangements with Mason's College in Birmingham 'for evening class 
studies in chemistrJ and metallurgy'.( 1) 
~,orty years omrards, in 1927, the subject of technical training was again 
raised in the Staffordshire Iron and Steel Institute, F.S. tiilkinson in his (2 ,I 
presidential address taking the opportunity to urge that: ' 
'Everything possible should be done to encourage (industrial) research, 
especially among the younger generation to 11hom the country must 
look for the carrying on of industry in the future'. 
Ee pointed out that the Staffordshire Institute 
'recognises this claim by awarding annually a medal for a paper 
on some research connected ''lti th the iron and steel industry, 
carried out by a student in a technical school or college in the 
area which we cover.' 
Commissioned in 1923, up to 1927 this research medal had been awarded twice, 
in both instances to students at the Technical College, .'lednesbury. (3) 
·,iilkinson recommended em:,r?loyers to encourage the youths in their service 
to attend technical classes, e.s these would be advantageous e:1.like to the 
youths thenselves and the entire industrJ. 
A second regional society devoted to the needs of the iron-and-steel 
( 1) LARK3, '.i.I·I., •Evolution and development of a local technical society' 
(Staffordshire Iron and Steel Inst~tute: centeLary presidential 
address). Jrnl.Iron Steel Inst., vol.2C4, pt.9 (Se?.1966), 
879, 380. 
(2) WI~G.NSOH, F.3., '?:residential .sddress•. ?roc.Staffs~l_r_gp ~~t:el In.§.:L_, 
(Oct. 1927), 5-6. 
(3) PLANT, C.E., •..:·he Sta:'fordshire ::ron and Steel Instib_c:~e'. I:ron Co.?.l 
rr"'des 2s_y_i~_::r_j861=J3_4] d.L-,mcr:d iubilee LSE.§!' ( 1927)' 18L... 
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ir..dustry was begun in the Glasgow district in 1892: the .. est of Scotlc.nd 
Iron and Steel Institute lwd as an early president Professor Eu.mboldt Sexton, 
A.?-SH, hee.d of metallurgy in the Glasgow and ';iest of Scotland Tecl".nical College, 
;fhich later became the Royal Technical College. In 19C9 th<?. college apy:ointed 
the institute's president to serve on the committee controlling the metallur~J 
department; in the follo\ri.ng year the sum of £100 was granted from the 
institute's funds to provide a furnace for the department.( 4) 
The :9resident of the Heat of Scotland Institute for the 1912-13 session, 
'Je.l ter Dixon, devoted~considerable proportion of his address to general 
'education'. ~e expressed his opinion, which he claimed had been formed as 
the result of fairly widespread enquiries, that since the Education -~ct of 
1870, ( 5) 
'the result of a forty years' development has evolved a system which 
is regarded as satisfactory by none and as unsatisfactorJ by most • 
• • • i;he educationalists ••• call ••• for "more", while the remainder 
feel that there is already too much ••• of the wrong kind, wrongly 
directed, wrongly administered'. 
de proclaimed 'the unanimous opinion' that, for the working requirements of 
90 to 95 per cent. of manual employees, any book learning outside the rudiments 
of 'the three Rs 1 was unnecessary '·rhile, among the remaining 5 to 10 per cent., 
most would attain to the leading positions in which they found themselves 'if 
three-quarters of the existing aids to learning were abolished'. Moreover, 
without the 'benefit' of education, the 90 to 95 per cent. of workmen would do 
their work better, with less 'unreasonable restlessness, and ••• discontent'. (6) 
Dixon's views, however, were not entirely destructive: he believed that 
educational methods should be, and ultimately would be, altered to oake them 
valuable for equipping the wo~men for their hours of recreation. In addition, 
and specifically referring to technical education, within the Jest of 3cotland 
Institute he ·.ms anxious to ;?remote meetings dealing with 1 subjects 11hich 
'll'Ould be of in>nense benefit to the younger branch of the iron :m.d steel -..rorksrs, 
(4) ~·1acC.\:L1Jl·i, D.A., ''l'he 1¥'est of Scotland Iron and Steel Institute'. 
Iron Cocl Tr::;des Review 1:36 -10? di~ond ·ubilee :i.ssue, 
u927 , 182. 
(5) .OIXOH, vlc.lter, 'Presidential address'. Jrnl.~"i • .3cotland I::-on Steel ::nat., 
vol.20 (1912-13), 19. 
( 6) DI7.0:i'i, Walter, op. cit., 13. 
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from whom the leaders of the future are most likely to be recruited'. (I) 
Indeed, one such meeting was ~1eld at Coatbridge on a Saturday in Jc.l1lial"J 1913, 
with the intention of nttracting the attention of ironworkers in the iistrict. 
Professor ,;_'homas Turner' .Li.Sl·i' of Birmingham university' lectured on I The 
reactions of the puddling process 1 • 1'he event was regarded as 'a decided 
(8) 
success' , with bet>'Teen 200 and 300 present. .i.'he question of general 
education -;1as again alluded to by 'tialter Dixon the following year. -~t much 
the same time, in 1914, a medal with £10 book prize was founded, for 
presentation to the authors of papers either on original research, or on the 
study of problems related to the iron-and-steel industry. Eo~'Tever, despite 
this gesture of encouragement, it was 1926 before the first ~edal was actually 
aw·arded. In 1915 the institute :prepared, and later published, a catalogue 
of all books relating to the iron-and-steel industry which were obtainable in 
libraries round about Glasgow.(g) 
'Ine year ai'ter the foundation of the Staffordshire group, 1867, brought 
considerable discomfort to those, admittedly only a small minority of the 
populace, who attended the Paris. International Exhibition: it seemed that 
Britain's industrial prominence was being seriously jeopardised, or even 
overtaken, by the technological advances made by other countries. fhis alarm 
on the one hand prompted Lord Glanville to write a letter to The Times, and 
on the other led both Be~ard Samuelson and Lyon Playfair to action. It also 
catalysed moves made in 1868 to form a national body to promote t2e technological 
interests of British iron-and-steel industry. In 1869, this emerged as the 
Iron and Steel Institute, a group which was to have a useful life for 104 years 
before merger at the beginning of 1974 as a constituent of the ne~" :letals 
Society. 
Iron and Steel Institute is said to have taken root from a paper 
read to a gathering of north-country ironmakers at iiswcastle-upon-:'yne '-Jy 
John Jones of :hddlesbrough, secretary of the 1iorth of 3ngl9.nd I:-on :::'racle. 
Appropriateljr, the pa:_Jer <Tas entitled 'The position of the iron trr:de in 
(7) DIXON, flalter, oD.cit., 16, 22. 
\2·, \"iEST SCO'~'LAlfD I::to:n STZEL ::,1STITUTE, '"'-nnual report of couiJ.cil for 
3ession 1912-13'. .Jrnl. W .3cotla."ld Iran 3teel Inst., vol.20 
(1912-13), 215. 
( 9) 1·IacC.c,LLU1•I, J. A.. , lo c. cit. 
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relation to technical education', and in it Jones proposed the formation of a 
society 'to consist of indiv~dual members of the iron trade and of those 
intimately associated with it' to achieve for the benefit of the British trade 
' ' 
'the more general diffusion of technical information'.\ 10 ) In -:he title of 
Jones's paper the call for increased technical education was clear enough. 
In a second paper, ?resented in Leeds in 1876 shortly before his premature 
death, John Jones propounded the view that, instead of being concentrated in 
South Kensington, the income from the proceeds of the Great Exhibition of 1851 
should have been distributed to help establish facilities for technical 
education 'in the principal manufacturing and industrial districts' • A 
contributor to the accom~anying discussion took the opportunity to draw 
attention to the £100 000 a year which could be derived froc patent-office fees, 
and which in his view should have been applied by Government for tec~~cal 
. ( 11 ) educat~on. 
The new Iron and Steel Institute was formally inaugurated in London in 
1869. Its founders, mostly men commercially engaged in the iron trade, had 
to face 'widespread unwillingness to submit ideas to open discussion ••• 
supulemented by excessive regard to time-honoured techniques too greatly 
dep~ndent upon tradition'.( 12 ) From the outset, far from being regional in 
character, the i~tute tried to be international rather than national, 
attracting members from abroad and making visits to foreign countries. In 
accordance with its broad outlook, some :nee tinge ~1ere held outside London: 
these included r:iddlesbrough in 1879, 1 908 and 1937, Glasgow in 1901 , Sheffield 
in 1905, Leeds in 1912, and Cardiff in 1920. 2urther afield, meetings '1-rere 
arranged at Liege in 1873, in Paris in 1878 and 1921, Sweden in 1926, e~d the 
USA in 1890 and 1904. In occasional later years, overseas nembers were 
elected to serve as president, the first of non-British nationality being 
~ndrew Carnegie. 
(10) LLOYD, G.C., 'The Iron and Steel Institute' (under'Associations and 
institutions connected "Hi th the iron and steel industry'). 
Iron Coal 'i'rades Revie'..r 1867-1 :J27 diamond ,iubi lee issue, ( 1 927), 
176. 
( 11) JOI>f.SS, Jno., 'I'echrrical education i.!l connection ':Ti th the iron trade'. 
Jrnl.I:!·on Steel Inst., (1876), 342-346; discussi:m 546-354. 
(12) TRI?P, B.n., ''l'lle Iron and Steel lnstitute, 1869-1969: an !l.i.storical 
s~-:etch'. Jrnl.Iron Sted Inst., vol.207 (.i.:Jr. 1~6,;), 422, 423. 
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'l'he first 'Jresident of the Iron and Steel Institute, 1869 - 1871 , was 
Iilliam Cavendish, seventh Uuke of Devonshire, the chairman of the Br:crrow 
nematite 3teel Company. During his term of office he was ~p~ointed chairman 
of the Royal Conmission of inquiry into scientific instruction, the 'Devonshire 
Commission'. In his address to the inaugural meeting of the institute in 
London in June 1869, the Duke (13 ) 
'compared the position of the iron and steel industry with that 
in civil, mechanical, and mining engineering, and in agriculture, 
observing that "it must be a matter of some surprise that an 
institution of this kind has not been long ago called into 
existence". 1 
He also drew attention to the unfavourable contrast between British progress 
in the diffusion of metallurgical knowledge ana that in Belgium, France and 
Prussia. 
~he Duke of Devonshire was succeeded as president by Henry Bessemer, 
·Hho in turn was followed by Isaac Lowthian Bell, 1873 - 1875, tvhom some have 
described as 'the chief founder of the institute', ( 14) and who was closely 
associated with John Jones in the launching of the project at the meeting of 
the lforth of England Iron Hanufacturers' Association. A subsequent president 
was Bernhard Samuelson, FRS, while during the years to 1950 several men 
connected >ri th the teaching of metallurgy held office. 'l'hese included: John 
Percy, I;ID, FRS, ( 1885-1887), who established his iml:!!ortali ty by his thirty-year 
occupancy of the chair of ::rretallurgy at the Royal School of I·Iines following 
its inception in 1851, Professor Sir ';iilliam Robarts-Austen, ABSH, FRS, 
(1899-1901), Percy's successor at the school, and Sir Harold Carpenter, FRS, 
(1935-37), also professor of metallurgy there. During 1946 - 1948 the 
president was Dr. C.H. Desch, a past professor of metallurgy in the ~niversities 
of Glasgow· and Sheffield. 
Printed papers presented for discussion at meetings and by correspondence 
formed an important part of the institute's activities. These ~'l'ere published 
periodically under the title Journal of the Iron and Steel Institute, about 
1650 papers ~~ving appeared by 1927. 
(13) 'I'RI??, :a.:a:., on.cit., 424. 
( 1 4) LLOYD, G. C • , o D. cit. , 1 77. 
As a large proportion of them dealt 
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•·ri th technical develo.:cments or i:r:r;Jrovements to existing practice, J~hey 
undoubtedly contributed significantly to the extension of knmdedge in the 
metallurgical field. ·.iide dissemination of the publications can onl:;- l1ave 
stinula ted ne~·T ideas. .Ul questions con~ected 'di th wages and trade regulations 
1fere specifically excluded by the objects of the institute. 
As early as 1871 G.J. Snelus, .,L-qsN, a metallurgist employed at the .Jowlais 
irJorks, proposed that the Iron and Steel Institute should set up a latoratory 
for research to hasten developments in the study of iron-and-steel chemistrJ, 
but nothing resulted from this request. ( 15 ) At almost the same date, the 
institute formed special committees to investigate h·o aspects of tne industr:r 
on which information was badly needed: British iron-ore resources, and 
mechanisation of the iron-puddling process widely used in the conversion of 
~olten blast-furnace metal to wrought iron. Following these early forays into 
industrial research, the institute dropped this means of helping industry, and 
it was only taken up again 40 years later in the Great War of 1914 - 1918. 
Despite this absence of initiative on the institute's part, encouragement both 
for research related to the iron-and-steel induatrJ and for the presentation 
of appropriate papers has come from endowments put into its hands. These funds 
periodically provided medals and other awards. ""'he earliest, and most :prestigious, 
the Bessemer Gold Medal, '\vas instituted with funds given by Eenry Bessemer 
in 1873 at the end of his term as president, to encourage interest 'in the 
( 16\ 
advancement of scimce and technology of iron and steel metallurgy'. ) 
l'rearly thirty years later, in 1 S01 , the Iron and Steel Institute ·..ras made 
executor of a scheme to promote research >vork in the metallurgy of iron and 
steel funded by .Andre'-T Carnegie during his term as :president, 1903 - 1905.. Be 
?rovided the s~ of t100 000, equivalent at the time to £20 000, and individual 
scholarships were worth £100 a year to the recipients. ?rom these Carnegie 
Schol~rships and, ~fter about1920, through the research comillittees in •mich 
the Iron and Steel Institute played a large par-t, money T..ras made available 
( 1 5) :-L.;.'l'JER, J.ichard, 'Presidential address. l'he Iron a..J.d Steel I11S ti tu te 
and the industr;'. Jrnl.Iron Steel Inst •• vol. 168, ~t.2 
(June 1'351), 122; quoting .SlE!:LUS, G.J., 'Condi-i;io::J. Jf ce.r-bon 
and si~icon in iron', Jrnl.Iron Steel Inst., (1S71), vol.1, 
28-46. 
( 1 6) LLOYD, :J.. C. , ou. cit. , 178. 
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to support resee.rch T;Torkers and projects. ~he 'special fund' of 210 000 
created by gifts from industry, among which Jarman, Long ~ Co 1td headed the 
subscription list with £1200, must have been of substantial help to the 
struggling ~~iversity departments of metallur~J· In 1927 for instance, all 
the fund 1 s available income 1·1as granted to aid research work carried out at 
Sheffield and Glasgow Universities for the Committee of Heterogeneity of 
~ (17) 
::)teel Ingots. 
In 1917 the Iron and Steel Institute set up five research committees to 
promote greater efficiency throughout the range of processes used by the 
industry. Dr. J .E.Stead of i·Iiddlesbrough was among the leaders in these 
early moves to develop effective research panels. :,;i th the ending of the 
Great '.Jar, however, four of the five committees were disbanded, leaving in an 
active state only that on 'metallography, chemistry, and physics': the one of 
the group concerned '"i th principles rather than processes. ~his research 
committee 1'1as disbanded in 1929, the same year in which there came into being, 
though not wholly within the Iron and Steel Institute, and as the result of 
considerable Governmental prodding by DSIR, the Iron and Steel Industrial 
Research Council. On this, the Iron and Steel Institute had representation. 
Late in the 1930s the Iron and Steel Institute 1.;as host to a discussion 
on the metallurgy and physical chemistry of steelmaking, prompted by a paper 
on 'The applic~tion of physical chemistry ••• ' submitted by Dr. A. ,:cCance, A ... 1SN, 
of Glasgow. ( 18 ) ·rhis event indicated ho,·T far underlying scientific principles 
'l'rere coming to b2 thought significant for industrial processes. 
Regarding technical education, before 1900 four presidents of the 
institute remarked on 'the continuing contrast be~'leen the rigour and 
thoroug.hness of the Germans I 2..nd the situation prevailing in Eri tain. rhese 
presidents w·ere: Bernhard Samuelson ( 1883-85), Sir James Kitson ( 1889-91), Sir 
Frederick "·~bel, FRS (1891-93) the .'iar Office Chemist, and Sir David Dale 
(1895-97). ~t has been claimed that the advocacy of these men 'added ~petus 
(17) 1101'1), G.C., on.cit., 178. 
(18) :•!cCA::IC.3, A., ''I'he ap:plication of physical ch<!.JllistrJ ";o steelmaking'. 
I~on Steel Inst.s~ec.rut.22, (Iron Steel Inst., 1938), 331-371. 
Discussion on netallur~J and physical chemistrJ of steelm~ing, 
on.cit., 505-543. 
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to the mo7ements tow·ards an ••• improved system of technical education for 
the l.iX as a whole' • ( 19) :~o1·rever, for all its encouragement of industrial 
advance, in the years before 1940 the institute Was ~ot keen to oeCOQe involved 
in actual, real schemes for training, or tri th the professional status of 
metallurgists. ·fnis avoidance of awkward responsibility was clearly 
exemplified shortly before 1930 when, in common trith two other national groups, 
the Iron and Steel Institute was asked by the Board of Education to co-o~erate 
in establishing a national-certificate scheme for metallurgy on sioilar lines 
to those then recently set up for mechanical and electrical engineering and 
chemistry. ~he effort came to nothing then, though it is true that the 
numbers involved in :netallurg<J ':'iere markedly lower, both in terms of students 
studying the subject and ;:rembers of the respective institutes. It >ms not 
until another fifteen years had passed that it became possible for agreement 
to be reached on the introduction of national certificates in metallurgy • 
.i.'he t'\·TO other bodies involved 'vi th the Iron and Steel Institute T;Tere the 
Institution of i·iining and ::etallurgy and the Institute of ::etals. All three 
had been granted royal charters, presumably indicating that the State vieHed 
their activities as beneficial to the national interest. By 1938 some change 
of attitude or circumstances was evident, for in that year, having previously 
resisted proposals for close association, the Institute of i·letals and the 
Iron and Steel Institute agreed to collaborate to the extent of leasing No. 4 
Grosvenor Gardens, S. ·.; .1 • , (formerly the American :i!!!Uba.ssy) as a joint head-
t . . 1 di . 1 di 1 . b ( 20 ) quar ers om_ 'ng, ~nc u ng a ~ rary. 
·.rc.e I:lSti tute of :;etals ;-ras then thirty years old, having cone into 
existence in the opening decade of the twentieth century, when sane of those 
I'I'Or..cing ;:i th non-ferrous metals felt themselves to be unre:;>resented by any 
group and considered advantages ffiight be de~ived from an association relevant 
to their interests. As a !'esul t, in 1908, there was brought into being the 
Institute of :·ietals, a.>J. crganisa tion intended by its founders to ·be '1 technical 
society parallel ':Ti th the Iron and Steel Institute, thereby :_:Jrovidin.g- a means 
for promoting scientific 2nd ·Jractical advances in the rnanufctctur~, uorking, 
(19) rRIPP, B .. H .• , op.cit., 426-27. 
\.20) Dl3'riTUTE OF !VIETAL'3, 'Co-operation ~.;ith the Iron and Steel L:sti·cute 1 • 
Jrnl.Inst.OOetalsJ vol.62 (1:033), no.1, 31-32. 
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use, ~u knowledge of non-ferrous ~etals and alloys. All questions connected ( 21 ) 
Nith wages, management of 1-rorks, and trades' regulations, '>~ere excluded. 
~he leaders of the new society recognised the desirability of achieving 
a reasonable balance between members of three kinds: those who were 
manufacturers or businessmen, those who were engineers or other users, and 
(22) those who were 'professionals' such as researchers and teachers. Support 
came from a number of influential people involved with metals, and notably 
from certain members of the Institution of Hechanical Engineers, T11hose 
initiative '\vas largely responsible for the new enterprise. (23 ) ':'he first 
president of the Institute of :-:etals was a former ··•dmiral ty director of naval 
construction (1885-1902), Sir ;;illiam \'ihite, who had been president of both 
the Institutions of Civil and l•iechanical Engineers. Another of the active 
leaders was Dr. H.C • .H. Carpenter, who had been appointed to the ne'l'r chair of 
metallurgy and metallography in i'lanchester two years before; from 1918 to 1920 
he served as president of the Institute of iietals. 
_Professor Carpenter's 'Presidential Address' in 1918 was largely devoted 
to an exposition of 'nis vie';ol's on the training desirable for men 'destined 
to occupy technical positions in works'. His remarks were clearly concerned 
i~th the privileged few ~vho undertook extended periods of full-time study at 
a technical school or university. After outlining 'the broad principles 
of metallurgical training' Nhich he considered should be given in educational 
institutions, he observed that any such instruction could fol'!!l only a part of 
the overall training required, the second, and no less essential, part being 
obtained inside the industry. In this respect the colleges' three-months' 
summer vacations afforded a convenient opportunity for students to obtain 
initial experience of ;;rorks, '·(-:.ich Professor Car'_Jenter considered should be 
substantially augmented by the first one or two years follo'l-ring grsduation. 
Professor Carpenter :;Jointed out that fresh graduates, 'though they "Cave all 
(21 ) SELIGEMT, ?..i chard, ''::'he Institute of Metals. Its o l'igin 
Ghem.~dn., vol.7 (1930), 2088-89; quoting 
rules of the society'. 
and objects'. 
the 'earl:'..est 
(22) S:UTrC1'T, ?...3., '..:he Institute of Metals: some recollections "'.nd 
reflections'. Jrnl.Inst.Metals, vol.86 (1957-53), 465. 
G-olden Jubilee Lecture to Inst. Metals, .::.ondon, l:.pr.1958. 
(23) ~UE'I'3:--t130C:K, ?.G • .J., 'P:::-esidential address'. Jr-nl.Inst.Metals 1 >rol.72 ( 1 946) , 1 42 • 
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had the same training, are men each Hi th his special char::>.cter and mental 
endmm~ent' • It was the function of indust~;, he said, to discover the special 
aptitudes of each _?erson, so that at the end of the training ;_:;eriod, ne 
:night be 1 entrusted >·ri th '.vork \·rhich \.fill mal:e the best of hin 1 • FA urged 
potential employers to give new graduates time to find their feet, to provide 
them with adeauate opportunities to obtain such information a3 they might 
want, and to ;ay them- 'at any rate a living wage' during the ?rocess. (24 ) 
Professor Carpenter suggested that by the end of their industrial 
training graduates would be likely to fall into one of three categories: 
those who, by the exercise of their sympathy and insight in addition to technical 
knowledge, could usefully contribute to the running of works; others who, in 
spite of their long training, lacked confidence or independence of mind, but 
who 'lot'OUld "'tTOrk i'fell and faithfully under direction, doing useful •·rork '<Thich 
brilliant men would find irksome; and thirdly and rarely, the originators, 
imbued with the desire to innovate and improve upon existing practice~, who 
could be employed most profitably for that purpose. 
Twenty years later, when in 1938 the presidential address of the 
institute was once more delivered by an academic metallurgist, Dr. C.H. Desch, 
FRS, who had foresaken his professorship at Sheffield to become head of the 
metallurgy section at the J:rational Physical Laboratory, Professor Carpenter's 
theme concerning the trainir~ of metallurgists was touched on, and extended. 
Desch suggested that 'for the research worker of the future, metallur~; should 
be essentially a post-eraduate subject, to be studied after a thorough training 
in physics and chesistrJ.' He regarded such training as distinct from 'the 
more technical courses in :.1etallurgy which are usuall) given, ;·rhich CJ.il:l at 
training men for the control 8f works oyerations.•( 25 
"i.mong its first six presidents the Institute of ;:etals had no fewer than 
thxee metallur~; teachers: besides Car?enter, these included ?rofessor .iilliam 
Gowland, ...L.i.Si-i, PJ.S, of the Royal School of 1·.ines (1912-13), 2!ld Professor 
_,..K. Huntington, .rL.iS:·l, cf =·(ing's College London (1913-14). A little later, 
:24) CA.ii.PEHTER, H.C .:a:., 1 ?residential <1dC:.ress 1 • Jrnl.Inst ,Metals, vol.1 j 
( 1918)' 52. 
\25)J.ESCH, C.E:., 'A chemist's vie'of of netallurgy. .?residential adG.ress'. 
Jr~l.Inst.Metals, vol.62 (1S38), no.1, 47. 
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in the aid 1920s, a fourth academic metallurgist to become president ~ms 
.:~rofessor Ihornas lurner, aP..SH, of the university of Birmir..gham. Both Go.,·rland 
and Huntington had previously served as presidents of the Institution of 
i':ining and ~·-etallurgy. 
l'he original aims of the Institute of ;•ietals said nothing specifically 
about education or training, although such activities might be taken as 
implicit in the holding of meetings and publication of a ]eriodical journal 
'to advance the knowledge of metals and alloys'. In fact, in a number of 
ways, in the 40-year period before 1950, the institute made significfu~t 
contributions to metallurgical instruction. ?rimarily, and most consistently, 
this was achieved by holding regular meetings for the exposition of theories 
and the discussion of both principles and :)ractice, coupled \·rith :publication 
of the .Jour11al; this contained not only :printed papers but also abstracts 
covering a vride range of relevant metallurgical literature. C:ne of the first 
metallurgical papers to be prepared by a woman was published by the Institute 
of I·letals in 1918 as the result of 1-rar-time work at the National Ph:rsical 
Laboratory. 
Aeetings were held in British provincial towns as well as in London, and 
some took place abroad, notably at Ghent in 1913, Liege 1926, Uusseldorf 1929, 
Zurich 1931, and Paris 1S36. A joint meeting with the Iron and Steel Institute, 
planned for the DSA in 1938, was abandoned because of the unfavourable 
international situation. AS early as 1910 a 'local section' of the insti~ute 
was set up in Birmingham, and this worked closely ~rith other societies in its 
area. By 1920 similar local sections had been formed in Saeffield and Glasgow, 
the three provincial branches having a combined membership of 300. Among the 
six meetings held by the Sheffield section in 1 919 ·.V"as one at '"hict the subject 
of 'The relation of the u..Tliversity to loc.'ll industr-y' ·..ras co~sidered under tb.e 
leadershlp of :·::r. ·..r.R. 3::rclay. Lbe ch3.irman of the ne1>~ Glasgow section •.vas 
?rofessor :::;.3: • .Jesch, )rofessor of :~etallurgy in the ~.Jniversit:' or.' Gl::.sgo:-; 
U..'ltil 1 '::•20, ~·rhen he !::.wved to the corresponding OJOSi tion in Sheffield. In 
Manchester, despite the early close association ;nth the creation of ti1e 
:.:nsti tute of Metals, a seye.r2t•:: netallurgical society -.. ;as for:.c.ed :;..'1 1 :?19 
r3.ther than a. local 3ection cf the institute. It r?sulted frc~ tte initiative 
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of iir. 3.1. R..'~wad, head of the metallurgical department of the -~3.nchester 
Municipal •]cllege of ..:'echnolOg<J, and it had the sensible features of 
embracing ferrous as Hell as non-ferrous metallurgy ::>.nd inviti:lg r::embership 
fron all those ir..terested in metallur.<?Y, '.vomen as well as men. 
Later, local sections came into being in London, Slmnsea, ~Ie\-rcastle-u)o~-
'ryne and, ::nore recently, Oxford. In the later 1930s and during the 1940s 
some of these local sections were to provide important platforms for the 
promotion of views concerning metallurgical tuition, and they influenced the 
development of tech.~ical inst~~ction in their localities. -.!here no local 
section existed, the Institute of ~-etals oight be asked to su::;;ply re;;resentatives 
to committees involved wit~ developments: for instance, in ;.:iddlesbrough in 
the 1930s, two nominees of the institute served on the Foundry Advisory 
Cor:udttee of Constantine l'echnical College. ( 26 ) By that time, the Institute 
of l·,etals and the Iron and Steel Institute were both fostering regional 
societies by schemes of association and financial support. 
In 1936 the Institute of ~'letals undertook publication of a monograph 
which extended the range of knowledge concerning 'The structure of oetals and 
alloys'. The work was prepared by Dr. W. Hume-Rothery of Oxford University, 
1>1ho had then been engaged in investigation for some ten years: it was to 
become a classic and 'bestseller' for a generation of metallur~J students. ( 27 ) 
Under the presidency of 'J.R. Barclay, in 1936 - 1937 the institute launched 
an appeal to create an endowment fund to extend its work, about £14 000 being 
raised by gifts from industry. ( 28 ) At the same time, the International 
ihckel Company Ltd provided a platinum medal 'to be awarded ~ual~ for 
distinguished 'fork in any branch of non-ferrous metallurg"J'. ' 29 ) 
In similar pattern to the fostering of metallurgical research by the 
Alloys Research Coi!l!!!i ttee of the Institution of ;:echanical .;,;ngineers and by 
the Carnegie Research Committee associated with the Iron and Steel Institute, 
(26) INSTITUTE 0? ME~.U.S, '.:teport of council for year 1937'. Jrnl.Inst. 
:,etals, vol.62 (1938), no.1, 19. 
(27) ffii""l"lE-ROT:tGRY, W., The structure of metals e.nd alloys. (Lor..don: Inst. 
of ~·Ietals, 1 936). ~ns ti tute of Metals '~onogrnph no. 1 • 
'The Institute of Metals. ·•nnual general :2eeti:J.~ 1 • 
The Hehl !ndustry, vol.50 (12 Mar. 1937), 332. 
ANOl•T., 
(2~·) '.l'~e Metal In~t:.str7, vol.SO, rw.11 (12 Mar. 1937), 343. 
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at the annual neeting of the Institute of 1-:etals in ;:arch 1910 it >ms decided 
to establish a Corrosion Research Committee. ,i.t the tine, corrosion of brass 
coi:denser tubes by s::.l twater \·Tas a serious problem to steam users; the 
institute nppealed for subscri~tions, and obtained the part-time services 
of an investigator; the University of Liverpool gave laboratory accommodation 
and granted £50 a year towards costs. In 1916, through the Advisory Council 
for Scientific and Industrial rtesearch, a substantial Treasury grant was 
obtained, and the scale of research work was stepped up, rN.Lth three full-time 
staff usii"..g a laboratory at the Royal School of i·iines combined 1d. th EJ.n 
experimental plant in Brighton. Altogether, the work resulted in eight 
reports submitted to the institute and, during the 1920s, the emergence of 
useful practical applications. 
During the 1920s EJ.nd the first half of the 1930s, little to do 1rith 
metallurgical instruction was published in Britain, the single major oasis 
being Professor Carpenter 1 s pres entation of a composite paper on 'i·letallurgical 
education of university rank in Great Britain' to the first Empire Congress 
held at ·d.embley in 1924. The organisation of the congress was handled by the 
Institution of l·lining and :-letallurgy rather than by the primarily-metallurgical 
bodies. However, the presidential address to the Birmingham :ietallurgical 
Society in the following year, by L. Aitchison, later to become professor of 
industrial metallurgy in the University of Birmingham, was entitled 'On 
metallurgical training and the society'. 
?allowing these isolated publications in the mid 1920s, it was a meeting 
in 1937 of the London local section of the Institute of i·ietals which provided 
the setting for an address on 'The training and employment of ~etallurgists'; 
this was given on 11 november as a Special Autum.."l. Lecture by Dr. R.S. Hutton, 
at that time Goldsmiths Professor of Aetallurgy in the University of 
Cambridge. ()O) By opening up the subject e.nd stimulating discussion, it ;-ras 
to have '.ride repercussions. A few months later, a ~orning discussion based 
uuon the paper r.-ras arranged by the Institute of Metals, attracting :nany in 
influential positions. ?rofessor Hutton stated that his paper 'raised th8 
auestion of ~vhether He 'i·rere training our future metallurgists aright, a'1d. 
(30) nC~~ON, rt.3., 'The traini~g 3.Ud employment of :netall~rsists 1 • 
Monthlv Jr:-~l.lnst.Metals, vol.4, :;t.12 (1937), 629-640. 
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i·rhether ·.re had )la.nned an adequate supply'. ne pleaded for the neea to 
increase the output of metallurgical graduates, and obser:ed ths.t the task 
w·as to design an undergraduate training course that ':-Tould be sui table for a 
1-1ide range of students, 1 some of whom night pass directly at the end ••. into 
industrial occupations 1 , ''l'hile others ·N"ent forward into research. He ho0ed (31 ) 
1 the discussion I'I'Ould help to bring the British industrial employer 
into touch \dth the importance, for the maintenance and }rogress 
of our industries, that we should have an adequate su~ply of 
man-power to draw upon for the higher posts in industry.' 
·:rhose who joined in the discussion included professors of ;:;J.etallurg'J 
from the Universities of Sheffield, Liverpool and i·ianchester and from the 
Royal School of Hines, as \-Tell as other academics from Oxford (i)r. '.i. 
Hume-B.othery), .Aachen (Dr. ·~"!: Hermann Haas), and the Sir John Cass ':::echnical 
Institute in London. ·~he moderate middle view of the industrial-research 
department was advanced by Dr. W.H. Hatfield of the Brown-Firth Research 
Laboratory in Sheffield, vrhile the extreme view of the industrialist 1vas 
strongly put by :;~r. A.J.C. Smout, of Imperial Chemical Industries Ltd. (Letals 
Division). ACcording to Arthur Smout,( 32 ) 
'This discussion is ••• very much overdue. it cannot be 
other than an indictment of the council (of the Institute of 
~ietals) ••• that this is the f:.rst occasion in our thirty years 1 
existence ;-Then w·e have publicly ventilated this very irnl)ortant 
subject.' 
HoHever, as ;·ras q.ui.ckly pointed out in the columns of a t·reekly trade 
paper, both by editorial leader and published correspondence, the discussions 
which had been stimulated by Professor Hutton lacked one important dimension 
oecause 1 economic auestions 1 •:-rere barred by the Institute of ::etals 1 articles 
~ . . . (33) .lh d 
or assoc~at~on. e poor wages an lo1'l'ly status accorded to :aost 
(31) A.HON., 'The training and em_ployment of metallurgists 1 • 
-Huoinium and :::on-Ferrous Rev., vol.3, pt.5 (:.:ar.1J38), 189. 
(32) AlJOl~., on.cit., 190. 
( 33) .':.dOl'T., 1 I:l.dus trJ e.nd the !:;le tall urgis t. L'ne :::resent nos i tion 1 • 
Ine Metal ~ndust~, vol.52, no.11 (13 Mar~ 1938),- 305-3C6; 
:'l..ECOlli:l.3R, 1 Correspondence and discussicn. Training a.'1d emr;loyoent 
of :1et2.llurgists'. op.cit., 321-322. 
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industrial metallurgists reflected their employers' estimation of their 
potentialities. It was proposed that young qualified metallurgists should 
be given better opportunities to prove their real industrial worth. 
In airing the topic of metallurgical training, the exa~ple set in London 
by the Institute of ~ietals 1'ias followed some months later by an open discussion 
held in 3irmingham in November 1938, organised jointly by the ~lidland 
metallurgical societies. No startling ne<r views or proposals reacned the 
published account of this meeting. In opening it, a speaker re~resenting 
industry Brazener) reminded his hearers that 'metallurgists i'i'ere 
developed mainly in tw·o different ways' • In one group were those Tiho, after 
achieving something like matriculation standard at school, started in industrial 
laboratories and vrorked their way up to the status of metallurgists; the 
other group consisted of those 1vho took a university course and then entered 
indus try ;·Then, after relatively short experience of Horks 1 routine, they 
could 'undertake ;nth intelligence any of the usual tasks that fell to the lot 
of the metallurgist in a 1.;orks.' 'l'he same speaker considered that one of 
the best metallurgical training grounds was investigation of complaints aP~ 
failures because, during this work, 'the fundamental characteristics of ~etals 
and alloys become deeply embedded in the mind'. Ee suggested there were two 
predominant factors which decided whether training 1iaS successful: the 
determination of the individual and the attitude of the employer.( 34 ) 
Another speaker made the useful points that greater attention should be 
paid to the study of foreign languages, and that graduates from a university 
course should be adequately eq_mpped to continue their o1m training. Juring 
the discussion, the academic viewpoint was -presented by Professor D. Eanson 
of the University of Birmingham. 
In .:.<'ebruar<J 1940 the subject of 'Hetallurgical training in Great Jritain 1 
1-ras again raised at a Beeting of the London local section of t:-:e Institute 
of ::etals. .:::n this :Jccasio~ a comprehensive reYie;·; of for:nal ins t:r·uction 
~ . d ., 1 . b J ., . . ""' b '::>c:r. 1 B'' r ~ -Ior var~ous gra es or ;rorA: m:.s g~ven y · r. ::..,;. -=>mit_, "'""...;_,;:.,, <.-..:. \IOl":ler..Ly 
.-:,f the Royal Mint). In its <Tritten fen":!!, i.1t any rate, it covered tl:e 
(34) ~UiCl:T., 'Tl1e tra~n~2g of tl1e ~etall·:.lrgist'. 
r11e Met.J.l 7 nd.tJ.Str-r, vol.53 (9 Jec. 1?38), 562-564. 
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examination facilities ?rovided by the City and Guilds of London ~nstitute 
as 'tl'ell o.s the courses at more-advanced levels offered by universi t:r 
departments, and it also touched on postgraduate work. (35 ) 
It is clear that, in considerable contrast with the situation existing 
~reviously, during the last few years of the 1931-40 decade the matter of 
1:1etallurgical training 1-Tas attracting attention and receiving open disoussion. 
By this tine the situation had changed markedly in at least two respects: 
there was need for metallurgists, and it had become generally fashlonable 
to taLl{ of 'training'. .J.'he discussions of 1938 had demonstrated that the 
matter 1·ras ripe for debate and, presumably, for some kind of action. 
The advent of the war in September 1939 might be expected to put a stop 
to the further development of proposals, discussions, and ideas for improving 
metallurgical training but, if this was the case, it was so for only a 
surprisingly-short time. :·Ioreover, the war-time demands for technically-
?roficient men and women underlined the need to improve the supply of trained 
metallurgists. Even vrhile the war was still on, the next publicised moves 
were made; around 1942 the ~idvisory Council to the Department of Scientific 
and Industrial Research (DSIR) set up a comnittee 'to examine the supply and 
training of metallurgists' .( 36 ) rnis was apparently part of a vrlder strategy 
involving committees and appraisals on a broad front. In 1942 the British 
Association for the Advancement of Science produced a 'first interim' report 
entitled 'Post-war university education', while in the follo~ri.Il€ year there ;ms 
published a \·ihi te Paper on Britain's 'educational re-construction 1 , 
optimistically initiated by the Board of Education. ·?he Norwood Com::Ii ttee 's 
find:i.:ngs on 'Curriculum and examinations in secondary schools' I<Tere also 
produced. In this remarkable year, 1943, ?rofessor a.s. Hutton, i'Those raising 
of the matter of metallurgical education in London in 1937 had met i<Tith such 
positive response, prepared for the City and Guilds of London Institute a 
(35) SMITH, S.W., 'Metallur~cal training in Great Britain'. 
:·iining :·lag.(London), vol.62 (Mar.1940), 137-144· 
(36) IROH AiiD S'l'EEL HTSTITUTE CODHCIL, 'The trai!ling of netallurgists 
>nth special reference to the iron and steel ~ndustries'. 
Jrnl.Iron Steel Inst., vol.149 (1944), ~t.1, 601?. 
( 234 ) 
report: ':Higher technical education. ,:;. revie<T of post-war rea_uire:::1ents'. 
3timulated by the DSI~'s interest in oetallurgical training, the council 
of the Iron and Steel Institute pre~ared a review of the subject, particularly 
as it related to the iron-and-steel industries; this vias published in .:..i'ebrua.ry 
1944.( 3?) Apparently, in common with a number of bodies such as the 
Institute of Physics and the Institutions of Electrical and i·Iechanical 
~ngineers, the I:nsti tute of i·;etals also prepared a report on v9cational 
training in the middle of 1943, but this remained unpublished. ' 33 ) 
~he Iron and Steel Institute's report evoked an editorial article in 
Jature ;fhich stated that 'a severe shortage of trained metallurgists is to 
be expected at the end of the YTar'. To explain this likely shortage the 
following reasons were advanced:( 39 ) 
'The science of metallurgy is relatively new; ••• the primary 
principles involved in the heat-treatment of carbon steels \·Tere 
still a subject of debate at the close of the War of 1914-18, 
and it is only during the period bet1-1een the wars that the 
metallurgist, as distinct from the chemist, has won real status 
I • \ in indust~J. • .• both the demand and the supply has \S1C) 
been limited by tha severe depressions to which the industr; 
has been subjected. 
i·leanwhile, great progress has been made in steel-making 
processes, in the develo~ent of new and stronger naterials, 
etc., and changes in technique 1..rhich involve the employment 
of oore highly trained metallurgists • 
••• continued tec~J.dcal development will be necessary if 
:Oritish indust~r is to thrive in the highly competitive 
markets of the post-1-rar period, and thus a still higher 
proportion of trained men will be required.' 
:'he i:iature leader cor;,sidered, t:o~iever, that 'the im-oortance of :;:oste,~aC.uate 
- (4.0' 
education is not sufficiently emphasised in the report.' · ) 
(37) I:?.Oli .<CTD STEEL EISTI'.C'8"':..:z (;0U1~CIL, o::J.cit., c01P-631::?. :r'he re:::·ort 
vtas also ~ublished as a separa~e bocklet (Iron 2.11ci 3teel :::nst., 
Feb. 1944;. 
(33) :!:J.C~' :.Iw STS31 r:IS':::!:::.'TJ':.'S GOl.JliCIL, on.cit., 515?. 
(39) ..u;ciT., ''?::-n.ining o;: :1etallurgists'. Nature, vol.153, ::10. 3895 
(2 ,.. '!' 11'1''' ..,,..3 J "' une ::;!<+"+ J , i J • 
:: .. 1-0) ANCN., op.cit., 754. 
:'he reviei'l published b7 the Iron and Steel I:::1stitute incorpor:1ted 
all the signi::::'icant points that had been ;:Jade at the London discussion 
arranged by the Institute of :.etals in 1938. .ii th one exception, t~:_e 
:recommendations ',;ere to form the foundation for future British policy. 
exception w-as the proposal that, even allowing for the expected increase in 
demand, tP~ nuuber of centres offering undergraduate instruction in 
metallurgy was too large and should be cut on the grounds that ther-e · .. ms a 
shortage in the supply of the ~ighest-grade teachers and concentr2tion of 
effort 'ifas desirable. (41 ) ::;xactly h1enty years before, and 1vit~1 greater 
justification, Professor Carpenter had nade the same comment concernir~ the 
excessive number of centres for high-level teaching. i'he reiterated 
recommendation is particularly interesting in view of the expansion in 
university and equivalent departments which was to take place during the 
1 950s. 
At the same ti~e that in London the council of the Iron and 3teel 
Institute was completing its deliberations on the contents of its 'training 
of metallurgists', in the Birmingham district the governing bodies of three 
metallurgical societies held discussions which were to have far-reaching 
effects. 'ihese talks took place between the Birmingham Metallurgical 2ociety, 
the Staffordshire Iron and Steel Institute and the local section of the Institute 
of Z·Ietals. They led to the passing, on 30 November 1943, of the follo·wing 
resolution: (42 ) 
'That this meeting of combined councils considers it urgently 
desirable that steps should be taken to set up a professional 
institution, in collaboration ~.n. th existing institutions or 
other.jise, to establish a recognised standard of competence 
and integrity for metallurgists.' 
The desirability of creating such a ~rofessional institution had already 
been put for.mrd, for example in a letter :?Ublished in .i.'11e i·Iet.9.l :::nu-..:.st:r-r 
14~\ 
:!..n 1938, i.' ); anci in the Journal of the Institute of :.etals by cor::-es:?onde:a.ce 
1',•.1) - ~· ·m '"" u. lnvl'f A11 ST~3L INSTII'T.;"T.S C01:JNCIL, ou.cit., 609P. 
! '\ t.i 
',42J JE~TXI.:T, J.¥'1., 'Hetallurg"J as a profession'. 
:::'he Metal IndustrJ", Yol.67 (30 liov. 1945), 363. 
(43) LC0fw2R, 'Corres:?ocde!lce and discussion. ~:rain.:..n.g :md er:r:;loy:ne~t 
:yf metalluTgists'. I'~'le Jlletal :i:ndustr-r, vol. :;2 
(1~ ~~- ·~a~a~)· ~2 1 -~)?2 \ ,_, • _..__ • _. ,.;' J / I c;_ • 
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~vhich originated fro::J. Jr ... arie Gayler of the liational ?hysical Labor:J.tor:,r 
I . \.44j 
and :::r. ·.1.:£. :Ballard of the Birrning!J.am .. etallurgical Society. 
ihe -•idlands resolution uas sent to the Institute of Metals, the Iron 
and Steel Institute, and the Institution of Aining and ;<etallurgy; the 
councils of the bro former bodies adopted the proposal with keenness. 
the result, after negotiations a new body, the Institution of -~etallurgists, 
-:vas created, its formal launching taking place in London in ~'Tovember 1945, 
following incorporation on 15 Sentember as 'a company limited by guarantee 
and not having a share ca-oital'.Z 45 ) Dr. J.:.J. Jenkin, who liaS one of the 
active promoters of this institution, in the autumn of 1945 stated that its 
functions , as he sm'l them, would be to: ( 46 ) 
'••• bring ~rithin one professional body qualified metallurgists 
engaged in production, research, teaching, consulting -:·10rk, 
inspection, and other :::etallurgical activities associated 
with any branch of indus try. 
• • • establish qualifications that will be the "!J.allmark" of 
competence in the science and practice of netallurgy. 
set nigh standards for admission as Fellows, Associates, 
and Licentiates. 
promote the 1-relfare of the profession and co-operate 
~d th all organisations seeking to advance the study of 
metallurgy. 
promote better education and training ••• 
not in any sense at all to act as a trade union.' 
'l'he founding president of the Institution of ~letallurgists ;.;as .Dr. 
:::arold ~-~oore, CBE, a ~-~iddlesbrough l'!lan who had for a number of :~ears directed 
wetallurgical research c:>..t the :::oyal Arsenal in .ioohrich. :Ge -:;as succeeded 
as president fol' 1946- 1947 by Dr. J •.. i. Jenl-cin, author of the descr::::::tion 
quoted im~ediately above. 
{ ' \44) j'"£NIITlT, J.-.I., loc.cit. 
'J.t:) \ . ..) IKSTIT13.,..::'IOH 0? MET'ALLT.:'2CH3r::'S, 'J.eport of council for 
13th June 1946'. Bull.Instn.Metdlur;;;sts. 
(46) JENr{Ilf, J.W., loc.cit. 
-:he ~eriod end:.r~ 
'- -
r:!.O • 1 \ u Ul.:J 1 946), a. 
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A joint education committee was set up in 1945 between the Iron and 
.Steel J:nstitute, the Institute of 1.etals, and the Institution ::f •-ining and 
Netallurg-<J, the last being the 1 professional' or c_ualifying body of the three • 
.-':.mong the -orime objects of this committee was co-operation ~·lith the Board of 
Education in the starting of a national certificate scheme for metallurgy. 
A prize r~d established by the three societies enabled books to be awarded 
to nineteen of the successful candidates in the examinations of 1947, and to 
seventeen in 1948.(47 ) One of the earliest actions taken in conjunction with 
the new· Institution of ~Ietallurgists was the enlargement of the :~etallurgical 
education comDittee to include it; the Institute of British Foundrymen also 
became a ?articipant. By mid 1948 the committee consisted of tl'tenty-one 
members, including representatives of industry, universities, technical colleges, 
and the City and Guilds of London Institute. (4S) Soon after its foundation 
it was stated that the committee would (49 ) 
'advise and co-ordinate the policy of the councils on all matters 
concerning metallurgical education. It will also draw attention 
to the requirements of industry, advise those responsible for 
teaching and assist ••• in guiding boys in the choice of future 
careers. 1 
·ro further its aims the joint education committee prepared and 
distributed several documents, the first and the one with >>idest circulation 
being a booklet, :Ietallurg'T a scientific career in industry, published in 1946; 
this sought to establish some kind of contact with schools, where the general 
level of knowledge or understanding of metallurgy ~·ras held to be extremely poor. 
T1ofo years later a second edition was :produced, and copies were sent to Local 
~ducation Authorities, technical colleges and secondarJ schools, over 6000 
being distributed. (5o) An attractively-presented booklet of 38 pages, 
(47) JOI:n~ COMMIT'l'EE Jl'T l\GT.ALI.i.JRGICAL EDUC.ii.:riON, 'National certificates in 
metallurg'J' (.lnnouncements and news). Jrnl.Iron 3teel Inst., 
vol. 160 (Oct. 1948), 213-4. 
(48) JOIH'l' COHMITTEE ON :;iETALLDRGICAL EDUC.A.TION, 'aeport on ;,Jrogress 
C.:..nnouncements and ne1>s). Jrnl.Iron Steel Inst., ·vol.160, 
pt.1 (Sep.1948), 95. 
(49) JOLiT COMMITTEE OH MEL.U.Lu'"RGIC.d.L .:EDUCAr;:'ION, ·~:etallurgy in the :2e'm'. 
Chem. aiJd Industrr, (19 Jail.1946), 35. ~he statement also .'lp::_:leared, 
with minor variations, in several other publications in the early 
:_Jart of 1946. 
(50) JCI:i:il' GCMMITT.EE 'JW J1ETAL~c0"RGIC.~ 
I ·. 
,1.r.. . -·1ouncemen ts and ne1·rs). 
)t.1 (Sey.1943), 96. 
::;nUCA:i'IOH, '19:r;;ort ·Jn ::;ro.gress ••• 
.)rnl.Iron ar..d. Steel I:nst., vol.160, 
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Metal-lurf;'T a scientific career in industrv contained considerable information 
:;>ut in a straightfor~mrd 1·ray. ri'he subject 1 s scope \'l'aS surveyed under the 
headings 'the metallurgist's field', 'British metallurgical industries', 
'research', 1 education and qualifications', 'op~)ortuni ties', and 'professional 
status'. .;he booklet listed universities providing degree-level courses in 
~etallurgy, technical colleges with courses leading to national certificates, 
and colleges offering other courses in the subject. In the 1948 edition 
of the >·rork the college lists were said to be compiled in December 1947, but 
a note cautioned that they might 'prove incomplete within a short time ••• 
since the ••• position is rapidly changing'. Further lists gave the names 
of national and local societies interested in metallurgy, a total of twenty-two 
local bodies being included. ( 51 ) 
·I'here follOlofed from the committee in 1 948 a six-page pamphlet, 
'Recommendations on qualifications for entrance to the university schools of 
:netallurg"J 1 ; this -::·ms stimulated, at least in -part, by the 1947 re:?ort of 
the 3ec8ndary Schools 3xa8ination Council. 'l'1vo years later the committee 
had produced, and was circulating, a report on 'Reco~mendations on university 
full-time degree courses in metallurgy'. Attention was then turned to the 
prepa:ration of a larger ;-rork of nearly 50 pages entitled 'The education and 
training of :!letallurgists 1 tvhich \·ras to deal with the topic at all levels. ( 52 ) 
There is thus substantial evidence that the joint committee on metallurgical 
education was active in the years after 1945; certainly its publication 
~letallurgy a scientific career in industrv may have had a f2.vourable influence 
in introducing people to the subject and encouraging them to cons icier it as 
a possible :!leans of earning a livelihood. 
In contrast 'l'ri th the older Institute of Metals and tl:e Iron ond Steel 
::z:sti tu te, >·rhose L:le:mbersb.i "? ~'las 0:9en to all with few restrictions, the 
::1sti tu ticn cf .. etallllrgists set out to je a :;11ali!":']'ing bod~/·, ~·ri tl: ::enbersci? 
' .._. 
ex.::>.mlna ~lons for 3.d7; ssion to the 
:::nstitution of Metall1:rgists :Jere held in September 1947 in London , Glasgou, 
' ' (,51; PAYNE, F. Le~·lis, Pletalltl~?'T 3. sci~ntif:_c c-==.reer ~:..'1 ii:i:Istr--r:. 
(52) 1 A.D.l'1. 1 , 
(:.ondor.: JoL1t Gom:.--:i ttee on !1et8.ll-.1::'-';:..c::o.l Ed:.:.c.::-_t:.on, I st e·in. 
19d6; 2~d ~dn. 1~42), ):-;~. 
r The ~Joar-d of :J.eL2.llurgical stu.G.i~s 3.I:..·::. :;::.:;'!;1:.2.::lti,Jns t. 
Bull. 7 :::;.:=-i:r:.Mst.<:.'iL:r<cists, ;rol..:J., no._: • .. -c:.:~~_:::::;t 1953:,, 15,17. 
( 239 ) 
Sileffield and :_,,ransea. '2leven candidates 3at the :•ssociateshi-:.J ua·,)ers and 
I- ~ _._ 
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eight sat for l..icentiateshi:;>, four candidates passing in each.'\ 1 In 1949 
thirty sat for the Associateship, i•Ti th 41 for the Licentiateshi:;J and one for 
the more-advanced ?ellOivship. 'l'~:e following year, 1950, the Institution's 
council a?~roved the holding of examinations aoroad, and it ~lso estaolished 
an education co~ittee of its OiYn. ( 54 ) By this date, some thirty industrial 
com~anies nad made donations to the funds of the institution. Its ~icentiateship 
(LUI) qualification soon came to be accepted as equivalent to a pass degree, 
~'lith the Associateship (.AD-I, up to the 1970s) corresponding to an honours 
degree: for acceptance to the grade of Fellow, apart from other requirements, 
a minimum age of 35 was sti}ulated. ~he Associateship became accepted as 
entitling a teacher to be classed as a 'graduate' under the Burnham Further 
"' (55) Education rteport. 
In the first few months after its inception, the Institution of 
I·:etallurgists began to spread a metallurgical viewpoint. Besides its 
participation in the joint committee on metallurgical education, it had 
representatives in 1946 on the joint council of professional scientists and 
on the parliamentarJ and scientific committee. ( 56 ) 
In 1947 the Institution of l·letallurgists arranged a Refresher Course 
intended to provide those attending with an up-to-date survey of some particular 
aspect of metallurgical practice. As this move proved popular, further 
refresher courses were organised in succeeding years, most of them taking place 
at weekends and based on appropriate residential accommodation. For ex~ple, 
in 1949 the course was held in September at A.snorne Bill near Leamington Spa, 
~vi th the title 1 '1'he fracture of metals 1 • 
'l'he first provincial meeting of the institution was held in BiDningham 
in =·:arch 1 947, i·rhen over 1 50 nembers were _present. .;.t this :neeting Sir Arthur 
(53) JOI£:TSTOI-r, ::t.D., ':·Ieta~lurgical education: a profile of the institution's 
educational activities since 1945'. ; .. etallur,;ist ::aterials 
':2echnologist, vol.9 (.?eb. 1977), 78. 
(54) JOlEfSTOlJ, ::t.D., loc.cit. 
(55) EiS:'ITT:'.t:ION 0:5' :·!ET_;.LI/JRGISTS, 1 ::scognition of the associateshi? of the 
institution in the Burnham Committee's renorts'. 
3ull.Instn • .L·ietaEurrists, vol.2, no.5 (!'173.;.1950), 7. 
/ .-,... \ -... T T~ \JO/ LT:S'.L'_?.::'ION G:C' ~JE;T.U,:T..0.GISTS, 'Re:9ort of col.Ulcil for the r;e:;iod ending 
13th J-..me 1?.1.6'. Bull."Tnstn.l1etallurgists, no.1 \July 1946), 9. 
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3mout (he had received a knighthood in the Birthday Honours, June 1946) 
delivered an address on 'The place of the qualified metallurgist in industry'. ( 57 
:2he follouing 1<1eek another :?rovincial meeting of the institution uas held in 
Sheffield, 130 members attending. Although the address that was given had 
the same title as the one in Birmingham, the speaker was different, on this 
,.58) 
occasion ceing .:r. R. ~·iather.' These instances will show that the ne1·t 
institution was anxious to publicise the topic of metallurgical instruction, 
and that significant numbers of people were prepared to hear about it. 
Later in the same year, 1947, Sir .Arthur Smout spoke to another gathering 
on much-the-sace subrect: this time the Swansea local section of the 
Institute of .ietals. 59) :.be subject of metallurgical education was given 
further ventilation at the end of 1948 i·Then Professor Hugh O'Neill, ne-vrly-
appointed to Universi~J College Swansea, delivered a lecture on the to?iC in 
Birmingham, acting on behalf of the Institution of 2Ietallurgists. Professor 
O'Neill repeated his 2.ecture in Hanchester in March 1949. 
A further venture i'lhich the inst:i. tution put into effect in July 1950 vras 
the mounting of an exhibition •:·ietals in the service of mankind'. ;.::'his 
exhibition >Jas held at the Science i·iuseum in South Xensington for some three 
months, its object beL"lg to a\'/'a}~en interest in metals and the teclmiques 
associated with them. Exhibits were provided by the major rese~rch 2nd develop-
ment associations and by firms working in highly-specialised metallurgical 
f . ld (60) ~e s. 
4 lthough Dr. Jenkin had expressly declared that the Institution of 
:·~etallurgists i'I'Ould i!l no sense act as a trade union, it did seek to ensure 
that those hired as :netallurgists vTere uaid a rsasonable level of 'r::.ges, 
th b . nh t f th - f • I . ( 61 ) ere y encourag~ng e ancemen o e pro ess~on s ~mage. 
Outside the ne,·i institution, academic metallurgists found themselves 
asked to address groups on the sub,ject of vocational instruction. ..:·hus, in 
1946 members of the 1ond.on loc[ol section elf the Institute of .,et.:..ls ~'leard 2 
(57) . .UTC:i. , 'Provincial neeti!lg's. Birmingham. !.d::res s b:r Sir Arthur Smout 1 • 
3ull.Instn.:Ietallurgists, no.3 (May 1947), 14-27. 
1 Sheffield. .:..ddress by Mr. R. Mat~:.er. ':'1:e pl2ce of the 
G_ualified :::etallurgist i!l ind'..lstr~:'. 3ull.I.nstn.MetalL2''?'i2':s, 
No. 3 (thy 1947), 32-37. 
:. 59) SMOUT, Sir ,(lrt~1.ur, '::::2e ::et3.llurgis t in ind~stry' • 'ft!.e Met.?..l =Tld.~.ls tr", 
'rol.71 (28 .:.:.v.1947), 439-44i; (5 Jec.1:?47), ..;.65-4S6. 
(.SC) ANON., 'f::L1ibition i~1. 1950 11 Metals i~1 t~1e senice oi" :J::J.:.i:i::dn'. 
Etl2. l • :~:s t:1.Me-t2. 1 ~ t:r;-i.sts, vo 1. 2, :1o. 6 (: ~ .. -:::,- 1 ~:50), 1 4. 
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paper by :?rofessor J. 5:;_"-nson of the 'University of :Oirminghan on ':2he 
university training of metallurgists'. At nuch the sane tise, another member 
of the metallurgy staff of Eirr:ingha.m "8"niversity, Jr. '.:'. . r • ~ .J.. .• r~gn", ..ielivered an 
address with the identical title when he took office as chairman of tile 
l3irningham i·:etallurgical Society; before the decade r..ras out, the ?rofessor 
of Eetallurgy in the l.Jniversi t-..Y of Sheffield, Dr. J .B. Andrew, had joined 
the ranks of those ?Ublishing articles on 'the training of a metallurgist'. 
:;:n 1946, in the first :?residential address to the Ir>..sti tute of ~·ietals 
for eight years because of the 1-mr, :?.G.J. Gueterbock, CB, DSO, :pleaded for 
the elimination of soul-destroying jobs, suggesting that, as far as his 
indus trial activities >vere concerned, the metallurgist had a responsibility 
to bring this about. Gueterbock also observed that the Institute of Metals 
could look forward to 'maintaining, and where necessa~J instituting or 
reviving, great schools of ••• oetal7urfJ 1>1hich 1dll produce the trained 
professional men so necessa~J ••• '· \ 62 He went on to comment that 
1946. 
'These schools must be backed ·by a vigorous and healthy industry 
i<Thich can offer a good career and way of life to the professional 
man and ••• support ••• fundamental scientific work, the sole 
object of "iThich is the better understanding of metallurgical 
phenomena. ' 
That was the optimistic mood expressed after the Second Jorld 'tlar, in 
It 'l.ias a generation earlier, in the aftermath of the Great 'Jar, that 
there appeared the first of another kind of metallurgical grouping: the 
research associations. These bodies were persuaded into existence by the 
DSIR and nurtured by public funds, especially during their early years, for 
the purpose of stimulating and achieving research of benefit to the companies 
idthin individual British industries. One of the first of such collaborative 
organisations was the Cutlery 2esearch Association of 1919, but this soon 
collapsed for 1-rant of suu·1ort from the cutlery trade and was not to be 
resur~cted until 1952. (63) The next ~etallurgical group to be established 
·,;as the British ?Ion-Ferrous i-ietals Research Association (3H?'·W.) of 1920. 
(62) G~3T~~OCK, ~.G.J., '?residential address'. Jrnl.Inst.Metais, 
vol.72 (1946), 147. 
r--) \b) GARTER, C.~,. and WlLliJll.'lS, :3.R.., Industr'r and techcic.s.< pro::::ress. 
(:London, etc.: Our, 1057), 219. 
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·J:his fared consL~erably better than the cutlers 1 co-operative, so that in 
1C:46 it had an income of £4.6 000, sixth highest among the twenty-five grant-
aided research associations; in 1979, BN~(RA's income was to be 21.2 oillion. 
In its early years the BrTFIIRA established its ovm laboratory in the D"niversity 
of Birmingham, ( 64 ) ooving to fresh premises in London in 1930. Also in 1920 
1-ms created the British Refractories 1 Research Association, -.mich preswnably 
included activities with metallurgical relevance; in 1921 came the British 
Cast-Iron Research Association. In 1925 at Imperial College London 1·10rk on 
the mechanism of blast-furnace reactions 1'1as financed by a group re:presenti~ 
trade interests, the National Federation of Iron and Steel i·Ianu.Iacturers: ( 65 
in 1934 this became the British Iron and Steel Federation(BISF). In 1929 
there was formed the Iron and Steel Industrial Research Council, a committee 
on i'lhich the Federation tfas renresented, as l'lell as the Iron and Steel 
Institute, the DSIR, and other- bodies. ( 66 ) In the mid 1940s this 1-1as 
reconstituted as the British Iron and Steel Research Association (BISRA); 
with its 1946 income of £95 000, this ranked fourth among the various research 
associations. 3y 1953 BISRA was to have an industrial income of £312 000 
supplemented by a Goverll8ent grant of Z150 COO, and to support a staff of 
(''7) 
nearly 400. 0 
'l'hese Government-aided research associations produced results 1·rhich 
extended the frontiers of knowledge. In addition, in several "r;Tays they 
directly furthered metallurgical training: they created demand for graduates 
1-rithin the various industrial establishments where their projects ~vere 
pursued; ani they s:ponsored and supported some research :programnes >·rithin 
academic departments. True, the numbers of people affected i·rere small, but 
nonetheless they formed a significant proportion of the total ~ro2 British 
universities graduating in metallur~J· The investigations forged useful li~s 
between academics and industry, doing much to break down some of the entrenched 
( 64) HEATH, H. Frank and S!.'E=:P..I:iJGTON, A.L., Industrial research and 
develonment .•. (London: Faber, 1:::·4c), 102. 
(65) ANON., ':British Iron and 3teel 7tesearch _.;.ssociation 1 (&nno1L"lcements 
a.."ld ne1;s) • ...T:::'!ll.Iron Steel Inst., vol.181 ').Jec.1955), 353. 
(66) ·::RI:?P, 3.:5:., o0.cit., 429. 
(67) JC'Yf:S, W.R.D., 1 F::-esidential addr·2ss (S.W.) 1 • 
T::-ans.Instn..IYJinin;z Engrs:.., vol.113 (1?53-54), '743. 
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?rejudices about college graduates that existed in the ~inds of - . ' . ' ..5r:.. ~l.S ... '1 
businessmen. 
Bodies 11i th simlar influences on :netallurgy, although with activities 
not necessarily on the same scale as those of the 3ll?::..il..~ and. 3ISRA, 'iTere the 
3ri tish section of the International 'I' in Research and Development Council Q.Dd 
the Institute of ;·[elding. The Tin Council established laboratories at 
Greenford in Middlesex in the late 1930s.(6s) 'I'he Institute of Jelding, 
Hi th a research council, 1vas created in 1935 from the Institution of ".ielding 
i:ngineers; ten years later a ;,ielding E:esearch icssociation ;ms formed as a 
distinct entity to conduct appro~riate work. 
The British Cast Iron Research Association fostered a direct instructional 
development in the 1930s by organising a foundry school to provide one-year 
residential courses for industrial employees who already yossessed practical 
training. 'l'he costs of atte!l.dance were to be met by the employers, end the 
object was to produce 'men ·.rho vrere "mixtures of metallurgist, engineer and 
foundrJ technologist".' ( 69 ) However, despite the fact that rome companies 
incorporated the course into their works' training schemes, the school did not 
long survive; it was the forerunner of the National Foundry College, sponsored 
by the :i3oard of Education, >·rhich opened in 1948 in premises provided by the 
iiolverhampton gnd Staffordshire Technical College. 'I'he Institute of British 
soundrJIDen had representation on the governing body of this college and also 
collabo:::-ated in the establishment of a higher national certificate in foundry 
technology and in the maintenance of standards of t~~ City and Guilds' courses 
in foundry practice and ~)attern making. 
By 1940 the Iron and Steel Institute similarly had representatives on "<:he 
:netallurgical advisory co~~ittee of the City and Guilds' Institute and a say 
in the ~~ing of several colleges, including specifically the Consta~tine 
College in :·Iiddlesbrough, the 'home colll!!1ittee' of :iiong :--:ong 'C'niversity, the 
I~yerial College of Science and ~echnolo~J, Sheffield Cniversity, 1iverpool 
". . . ( 70 ') University, and tile School of :.;etalliferous ,,~n=-ng ln Cornwall. ' 
(68) E::EATR, 'H. Frank anJ. E:E;T::iLJ.::IGl'Oli, ~.;,.L., o-n.cit., 106; 1'J2-3. 
(69) IROli A!D 3:'SEL n;STI:::1?I'3 CO\JNCIL, op.cit., 627P, f::1 54. 
(70) IRC.bl Ai-iJ S'i'E.EL INSTE'trl'E, '3.'=port of council'. 
Jr~l.Iron Steel Inst., vol.141 (1·540), ~r:o.1, ~~2:)-~3?. 
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~e British Iron ani Steel Federation, in the last fe~·r years before 1950, 
bsgan to devote significant funds to training, and metallurg'J uas 2.0ong the 
subjects 'vhich benefited. In 1 948 a nevt recruitment m1d tre..inir:g con:r.i ttee 
'began ~·Tork ·~-:i th the dual function of devising means of encouraging recruitment 
into the industry and of :i1elping firms to train the recruits, once obtained. 1 
,·,uch of the incentive for this initiative came from the Government 1 s Youth 
Employment Service, then recently established. (?1 ) The follovdng year a 
discussion :Jeeting was attended by 'some 100 training officers and others 
interested in training, representing nearly 50 companies', and area co~ttees 
1rere set UD to assist cora~:anies to launch training schemes sui te..ble for their 
:;Jarticular-~eeds.(?2) .As part of the ne1·1 policy, the 3ISP sponsored. t11.ree-da;T 
annual conferences on 'i2;ducation and training in the steel industz:r' ,c'.nd i-ras 
instrumental in producing a -::dde range of training aids. 'I'hese included a 
series of booklets describing the teclmical features of making iron and steel 
under the general title of 'Lecture notes on iron and. steel', Hallcharts, 
filmstrips, and instructional films, as well as recruiting brochures giving 
details of c::::.reers in the industry. 
steelmaking \<Tas commissioned. 
..., 
In addition, a textbook en iron nakins and 
'--' 
There is considerable evidence to conclude that ';ri tho"J.t the existence of 
tile VB.rious metalh1rgical organisations the quantity of metallurgical I;:no-;dedge 
evailable in 1 S50 >vould ~-:1lve been restricted in sco'9e and scall in 3C"' i e • 
.. oreover, tile acadenic ;subject •·rould have been arid and ]artly sterile \·tithout 
industrial influence to kee~ it in to1..<.ch ~vi th reality; in many insta::1cc:s the 
im::,Jortant link ~ri th industr'J flas formed by a well-defined orga~; se.tion. In 
the last thirty years of the period 1851 - 1950 bodies of tiro ':dnds 1·rere 
significant, learned societies and industrial research organisatior~. ~aarned 
societies ~or certai~ aspects of :netallu.rgy existed both !'lc.tion.:'..ll:i ,md i:: 
so;::e rc;;:;:.ons. .-1-l;. ::-c::·::rc-vriate .:_Jrofessional society, the :I'..sti tution o!' 
~-etallurgists, :.?..me into oei::g onl~: during the last five years '::efo:::-e i ;so. 
l'n•3 Iron o.ni Steel bs ti tute fol;.!lded i::: 1869, UJ.d the =::-~sti t"J.'te of Me-tals 
created in 19CS, 1;ere the :1stioncl learned societies 1/r..ich oet~Tee:: t~~err: 
(71) :3:? .. I~~I3~~ ::-:-.;:..; _;...l..i.J .Jr~:::=L 221T.6?...;i.~~,IOii, '?.econnendat; op_s -:-\J- ~~:.e 
estD.Jl:..slment of t:rai 21.: r1z schemes f·2tr ,, .. 01.'_...,,~. ~f:J"'~"'~:.~rs 
\Lond.on: the F'sde!'st:::.or.., c.1'0J.9), 3-J.. 
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::_ourported. to cover !J.ost of tb.e spectrum of .~etallurgical endeavour. .::-y 1 ':?40, 
·;hen the t~ro societies haci [:.Uc:ssed a combined total of 100 )residential ye'lrs, 
nine aco.demic ]residents nad held office. :::n the Institute cf ::et2.ls five 
academics held office in thirty years, and .... ~\J seems likely the number :·ras !lO 
t.igner siw:;:JlY because there 1·rere available no others thought to be of sisilar 
stature. In itself this is a measure of the relatively small extent of 
acade~ic ~etallurgy. Both these national societies fostered metallurgical 
education in its wider sense by providing op-;>ortuni ties for meetings 1rhere 
technical developments and reviews of practice were described and critically 
discussed, and by :?Ublishing :papers in permanent 1n-i tten form. .!.'he e::clusion 
fror:J. the ir>..sti tutee 1 deliberations of all references to >mges, trade and 
:management :-ras certainly understandable in view of the fact that ~embership 
;fas open to all and included fair pro;_:Jortions of successful, though 
academically-unqualified, industrial proprietors. Encouragement by the Iron 
and Steel Institute of formal oetallurgical instruction and the concomitant 
raising of academic standards was mininal, at least for the first fifty years 
of its existence, although !!leans to\tards these ends were put into its hands, 
notably by Henry Bessemer 1ri th funds for the award of an a.n.'lual gold medc.l to 
mark illustrious achievement, and by Andrew Carnegie with substantial sums to 
give stimulus to, and su::;port for, research. In the two decades after 1901 
the rare Ca~egie scholarships for postgraduate research constituted one of 
the fe\t souxces of help available in metallurg-J. 
In considerable contrast vli th the tl.ro learned societies 11as the 
Institution of ~Ietallurgists 11hich came into eXistence in 1945, reflecting 
increased vigour and extent of national metallurgical endeavours, 
.... 
vJ.1e 
or,;-anisation \vas concerned ;fi th profession9.l standards of com~Jetence and 
recognition, and it quickly began to give active attention to education ~ci 
training, setting ltp a system of aualifications in metallurgy and i!lSti ttl -ting 
·.-reek-end ref:.~esher coc~rses. 
l'he national ::etallill';ical bodies ·.-rere supplemented in sone areas by 
::-egional societies, hro ]rimarily concerned Hi th iron and steel e:r:isti:1c in 
3outh St.:>..f£'ordshire and, fron the 1890s, in the Vlest of Scotl2 .... '1d. 3oth 
:Jrovideu ~Jlc. t:'orms on occasio:!.'l. for presidents to urge the d.esiraoi::...::. ty o: ~.cett·2r 
technological trai.niDg m:.d t:::sy enco1.:rage<i such training by _;i:~ts yf =cecials to 
indi vidu2.ls 'l!ld 2.?par2. tus to teaching departuents. I :1 3i:rmi:-,gham i:1 1 S<J) :::. 
~~etallurgicc.l :'omed. ~lrhich i~1 t11e fo llc~ving :;rears p~oved 
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~utsta...TJ.ding in its activity, championing the need for instruction anci c:rging be 
creation of an appropriate professional institution. 
~;he other important :crong of metallurgical group activity ~,r,":.s sup:_:;lied by 
the industrial research associations; these came into being in a n~~ber of 
fields during the last thirty years of the period 1851 - 1950 as the result of 
encouragement by the uepartment of Scientific and Industrial Research ~:hich 
disbursed Government funds for the purpose. Several research associations r,rere 
primarily concerned ,..n_ th metallurgy. ri.l though the numbers tl1ey employed 
directly were small, particularly before 1940, nevertheless they did give sose 
employment opportunities to those ,,.rho had received formal tuition, tl:ereby 
promoting such trainiP_g. 3y their activities the research associations also 
iiidened the industrial demands for the services of metallUTgists; they helped 
to forge useful links betHeen industry and teaching institutions; 3lld they 
aided the su~rival of academic metallurgy departments. In the last few years 
of the period, after 1943, and arising from incentives offered by the 
~overnment' s ne1·r youth-en::_Jlo;yment scheme, the ,3ri tish Iron and Steel Federation 
began to devote substantial sums to training. 
Organisations, then, ,,rere used as convenient vehicles for tne propagation 
of their views by individuals, by industrial companies, and by Government. 
Despite the favourable statements uttered during presidential addresses, 
the ti1o national societies, the Iron and Sted Institute and tl:e Institute of 
Metals, showed marked reluctance to becorr:e the direct sponsors of instru.cticnal 
scheces, as evidenced by the failure of the national certificate proposals 
around 1930. By that d.?..te, how8ver, the clinate of opinion ~ms already 
beginning to change, and by 1940 the subject of metallurgical trai;:ring, and the 
allied one of the COID!!lercial status of the metallurgist, \·rere receivi:'lg o;en 
debate. i'here is s. striking contrast betvreen the almost-con'9lete absence .Jf 
publicity giYen to the to::_Jic of ir..struction in the years U:? to 1 937, 2.nd the 
e::rtensi ve co::E:lent that a:;::::,eared du:"ing the 1 940s. 
.,, 
-'-!1e tUT!:ling point can be 
related to several facto:!:'s: the up-tu::-n of the econom:r in tl1e later 1 S3Cs; tl:.e 
growth of ~)rocess8s and :..-.a te:·iD.ls needing tec:b.nological skill; ~d the energence 
of realisation by ind.u.s'Crial enployers that trained ::1etallu:!:'gists, even tncse 
ccr:J.ing iirectl:r ::rom U..'1i7ersit7 de;Jartments, ;ni~ht justify thei:::- 1:1:.::..·e. -- .1- • , ,.n~.L.;. 
:;.fter 1350, a ~~re~)onG.e:::ance Jf the publicity '..ras concerned ''it::. u."liversity 
graduates ratl:!.er tl1an ~ri til th.e need and :!ec.ns for instructin~:s 3U]~~or~i.n..~ staf= 
such as technicL:.ns. 
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CHA....PTER 10 
SO.ME PERSONAL I.NFLW.....NCES ON rtlETALLURGICAL INSTRUCTION 
There is no doubt that a large number of individuals, by their actions, 
contributed to the development of metallurgical instruction in the century 
1851 ~ 1950. Separately the impact of their contributions varied widely 
while collectively they were responsible for achieving much progress. At 
one end of the scale was Andrew Carnegie, providing sufficient funds to 
support three or four research workers over a period of many yearso At the 
other end were men up and down the country prepared to devote one or two 
evenings a week, after their normal work, to help students who were attending 
evening classes in some aspect of metallurgy. The fact that these dedicated 
evening-class teachers receive no further mention in this chapter is not to 
belittle their efforts, but in general they were not innovators, and it is 
innovation, the opening up of new avenues, and the making possible of courses 
of action, which are of concern here. Moreover, it is the large-scale 
effect achieved by a single person which is examined. 
In many cases it is difficult to distinguish between the influence of an 
individual and that of the organisation with which he was associated, be it 
government office, commercial company, or university department. However, 
in surveying the field there are several individuals who stand out o There 
may be others whose achievements would merit note but who are not included 
because their personal efforts are obscured by their surroundingso 
The activities of the few conspicuous individuals fall into one of two 
categories: either they were directed towards improvement in facilities for 
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general technical training, or they were devoted to raising the status of 
metallurgists specifically. One person whose efforts made notable impact 
on the status of technical instruction in general, including that in 
metallurgy, was Dr. H.S. Hele-Shaw (b.1854-d.1941), inventor and academic. 
Early in his career he had the distinction of being the first professor of 
mechanical engineering in the University College of Liverpool from 1885 
and then, between 1904 and 1906, was the first professor of civil, mechanical 
and electrical engineering, and at the same time principal, of the Transvaal 
Technical Institute and organiser of technical education in the Transvaal. 
From 1906, when Dr. Hale-Shaw bad entered his own second half century, he 
pursued wo:xk as a consulting engineer in London. ( 1) In 1920 he was chairman 
of the education committee of the Institution of Hecha:nical Engineers when 
it was approached by Dr. A. Morley, then staff inspector of engineering at 
the Board of Education; as a result of those discussions there developed 
the national certificate scheme, the first examinations in mechanical 
ellgineering being held in 1922. (2) Until 1937 Hale-Shaw was chairman of 
the joint administration committee. (3 ) Corresponding arrangements for 
nation~wide schemes of instruction and qualification, endorsed jointly by 
the Board of Education and the professional body concerned, quickly followed 
for electrical engineering and chemist17, but there was considerable delay 
before a similar programme was inaugurated for metallurgy. Eventually, 
however, in the last five years of the hundred year period 1851 - 1950, a 
national certificate scheme for metallurgy materialised. Without Hele-Shaw 
it might not have happened in quite the same way. 
Three of the six successive men in charge of metallurgy at the Royal 
School of Hines during the century 1851 - 1950 were particularly successful 
in extending the status of metallurgy and the scope of metallurgical knowledge: 
they were John Percy, in post from 1851 to 1000, ~'i .c. Robarts-Austen ( 1880-1902) 1 
(1) GUY, H.L. 'H.S. Hele-Shaw 1854-1941'. O~.Notices Fellows Royal 
Soc. (London), 1939-41, vol.3, 792. 
(2) CRADDOCK, S.R., 'The inception of the national certificate scheme'. 
Vocat.Aspect, vol.13, no.26 (Spring 1961 ), 48. 
(3) GUY, H.L., op.cit., 805-806. 
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and H.C.H. Carpenter (1914-1940). John Percy, admitted a Doctor of 
Medicine in the University of Edinburgh and elected a Fellow of the Royal 
Society of London for his pathological researches, was appointed lec~~er 
on metallurgy at the Royal School of Hines in 1851, the year the institution 
~.,as formally established, becoming at the same time metallurgist to the 
Museum of Practical Geology;( 4) he continued to hold this joint position 
for nearly thirty years of the century under review. Throughout this period 
he was the sole regular and responsible teacher of metallurgy in Britain, and 
was thus able to influence· without opposition a whole generation of those 
day-time and evening students who attended the metallurgy classes at the 
school. Admittedly the numbers were small, in moat years probably countable 
on the fingers of one hand, but a significant proportion went forward to make 
notable impact in responsible positions, and this fact can be taken as some 
measure of Percy's influence: he trained others who successfully carried on 
the torch he had kindled. 
Former students of Percy's included public analysts and industrial 
chemists such as William Baker of Sheffield and William Weston of the 
Admiralty, as well as those who took part in changing Britain from the age 
of iron to that of steel. Among the latter were william Hackney, Edward 
Riley, J.H. Westmoreland, G.J. Snelus, P.C. Gilchrist and, as an evening-class 
student, S.G. Thomas. In the north of England a former student, R.S. Benson, 
became managing director of Ashmore, Benson, Pease & Co. Ltd., engineers of 
Stockton, while another, Thomas Gibb, became a leader of the Tyneside copper 
industry. A substantial proportion of Percy's students were to make their 
marks as teachers of technical subjects: Leonard Brown was both a 'science 
teacher' and chemist to iron works, while 'il.H. Greenwood was for a time 
professor of engineering and metallurgy in the new Technical School in Sheffield 
in the 1880s. One man, E.F. Mondy, went to Tokyo to teach at the Imperial 
College of Engineering 1thile another, Henry Louis, following several years' 
practical wcrk, took up a post in Newcastle-upon-Tyne as professor of mining 
in the University of Durham ~ lecturer on metallurgy. A.K. Huntington 
held the ?XOfessorship in netallurgy at King's College London for nearly forty 
(4) A.NOH., 'Obituary, Dr. John Percy', Jrnl.Iron Steel Inst., (1889), 
no.1 , 210. 
( 250 ) 
years, J.J. Beringer taught assaying to a generation of students at Camborne 
School of Hines in Cornwall, and James Taylor for a short time held the 
position of demonstrator in metallurgy at Owen's College in Manchester. 
Three men who received instruction from Percy were to bear particularly-close 
relationship to him: w.c. Roberts (later Roberts-Austen) 1;as to succeed him 
at the Royal School of Ifues, being accorded the title 'professor•; 1tlilliam 
Gowland, a student of 1868-1870, was in turn to succeed Roberts-rl.usten at the 
school; while Hilary Bauerman in 1889 took over Percy's work at dOOlwich. 
Bauerman, who in 1853 had the distinction of being among the first three 
matriculated students to graduate from the Royal School of !'Iines, was 
lecturer in metallurgy in Sheffield in 1883 and, from 1889, lecturer on 
metallurgy in the Royal Artillery College at Woolwich. 
Percy's influence on instruction was not confined to his contacts with 
students at the Royal School of Mines: another position he filled for 
twenty-five years from its inception in 1864 was that of lecturer on 
metallurgy to the small but select band of artillery officers which comprised 
the advanced class at Woolwich. In this capacity, Percy started and 
maintained the practice of taking his students on works' visits, a system 
which was later extended, both to other subjects of the WoolwiCh course, (5) 
and to metallurgical instruction at the Royal School of ~Iines. Percy was 
also examiner in metallurgy for the Science and Art Department, and thus 
largely responsible for the syllabus content aDd the standards of attainment 
expected. Nor was this all, for with considerable and sustained energy, 
Percy compiled comprehensive textbooks dealing with the major metals and with 
fuel: these were first issued in the early 1860s. Some at least were 
translated into French and German and went through several printings, fo:rming 
the basis of much metallurgical teaching until the end of the nineteenth 
century. 
ifas a large 
£500 in the 
A further compilation of his, although in this case a singular one, 
collection of illustrative metallurgical specimens, purchased for 
year of Percy 1 s death by the Science l'Iuseum in London. ( 6) 
(5) JOCELYN, J.R.J. HOGG, O.F.G. and CADDY, J.A., Some notes on the 
history of the advanced class 1866 - 1939. \·.loolwich: 
General meeting of advanced class dinner club, n.d., 
C o1955) f 13 e 
(6) C.A.CKETT, Susan, 'The Percy collection - a unique view of metallurgical 
evolution'. Hetallurrist Materials Technologist, vo1.11, 
no. 2 (Feb. 1979), 79-81. 
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Percy was fortunate to have a good private income. It is true that, in 
the 1860s and 1870s, he met little technological opposition to his ideas and 
methods while, ri th his dynamic personality, as well as by the combination of 
his offical position at the Royal School of Mines and his independence of 
financial means and of mind, he could make a favourable impression on 
industrialists and others. Percy was in a social position to influence 
people, for he held the post of superintendent of ventilation to the Houses 
of Parliament, and thus had the chance to make contact with the leading 
politicians. During the 1850s and 1860s he appears to have been the right 
man in the right place. However, by the late 1870s, when he was already 
in his sixties, he was considerably out of sympathy with the educationalists 
such as T.H. Huxley, and their philosophical ideals of what was wanted for the 
people of the country. In view of this rift, it is interesting to note that 
a nephew of T.H. Huxley's, James Henry Huxley, took the metallurgy course 
at the Royal School of Mines; following graduation he was appointed chemist 
in 1872 to the Sheffield steel company, Naylor, Vickers.(?) 
Percy's renown was as a metallurgical expert and teacher, and not as 
either a progressive educationalist or a politician. He lost his controversy 
with Huxley and the associated 'progressives', and resigned his position in 
the Royal School of Mines in December 1879 rather than acquiesce in the transfer 
of his classes and laboratory from Jermyn Street in London's West End to the 
newly-developing South Kensington. At this time, a good deal of Percy's 
available energy was spent in profitless inveighing against 'the system' and, 
presumably partly as a result of this, the large amount of material which he 
was said to have collected for the revision of his books remained unused at 
his death. However, one further instance of Percy's long-term encouragement 
of metallurgical knowledge occurred six or seven years after he had retired 
from the Royal School of Mines: in 1887, when he was awarded the i'iiller 
prize of the Institution of CiVil Engineers, he requested this should be spent 
on a microscope and associated equipment for the study of metal struct~a, 
(7) \VILLE!, G.B., 'Ferrous metallurgy: 100 years' contributions by the 
Royal School of Mines'. Iron Steel, vo1.24 (l1ay 1951), 155. 
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'to be at the disposal of any member of the Institution desirous of 
undertaking such studies, but who might be debarred from doing so by the 
costly character of the apparatus'o (8 ) 
Percy's immediate successor at the Royal Schoo 1 of lrlines was W o Chandler 
Roberts, who soon changed his name to Robarts-Austen and proved to be a 
diplomat rather than a solitary dogmatist. He was a past student who for 
te~ears had held the distiDgUished and singular official position of chemist 
to the Royal Hint. ifui.le in this post he had established a reputation 
as a laboratory investigator of metallurgical phenomena, and had been elected 
a Fellow of the Royal Society in 1875. On Percy's ~ignation, while retaining 
his post at the Mint, 'Robarts-Austen was invited by the Lord President of 
the Council to occupy the Chair of i~etallurgy at South Kensington'. (g) 
Although it could be argued that regular attention to Mint duties handicapped 
his professorial efforts, at the same time there were considerable benefits 
arising from the dual arrangement. Within the metallurgy department of the 
Royal School of Hines there was scant equipment and, at any rate in the 1880s, 
Robarts-Austen's only staff assistant was the instructor in assayiDg, Richard 
Smith, who had previously served as Percy's laboratory assistant. For the 
last twenty years of the nineteenth century Robarts-Austen pursued metallurgical 
research using the facilities of the Mint. \ihenever he spoke at public 
meetings and to his students it was as a man holding a well-recognised, 
responsible position. Moreover, it seems likely that the salary offered to 
take charge of metallurgy in South Kensington was totally inadequate to 
attracticompetent man unless, like Percy, he possessed another source of 
income. 
Robarts-Austen showed that metallurgical study could be respectable, 
and he himself was in the forefront of developments in knowledge through 
technological research, being known internationally for his researches, as 
well as by his official position at the Royal ~1int. He 11as active in many 
groups, reading papers before the Royal Society, the Society of Arts, the 
Royal Institution, the British Association for the Advancement of Science, 
(8) AJ.'iON., Obit., op.cit., 212. 
( 9) SMITH, S. ·,;. , 'A centenary lecture on the life and work of Sir ':Iilliam 
Chandler Robarts-Austen'. Delivered at the In.stn.::ech. 
Sngrs., i1arch 1943·, offprint, 15. 
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and the Iron and Steel Institute. In these ways he contributed largely to 
the spread of understanding of metals and the importance of their structures 
and technical characteristics. Particularly fertile during the 1890s was his 
relationship with the Insti. tution of Hechanical Engineers, which body, in 1889, 
started a research committee to extend investigations he had already made 
into the effects that small proportions of impurities produced in the 
physical and mechanical properties of metals. During the ten years which 
followed, five reports were presented to the Institution of Hechanical 
Engineers, embodying the results of the experimental work together ~ri. th 
descriptions of new techniques which Robarts-Austen and his collaborators 
had adopted. awareness of these techniques came from his lively contacts 
with workers in a wide field. The prosecution of these investigations 
afforded a handful of young metallurgical graduates an opportunity to gain 
experience in 'research' into metallic structures and properties, and thereby 
to extend the frontiers of knowledge. Like his predecessor, Roberts-Austen 
wrote a te~book, modestly entitled An introduction to the study of 
metallurgy. (10) However, unlike Percy's discursive, multiple-volume work in 
which each of the common metals was considered in turn, Robarts-Austen's 
book took as the basis of its chapters topics such as 'alloys', 'the thermal 
treatment of metals', 'materials and products of metallurgical processes', 
and 'typical metallurgical processes'. 
The third of the metallurgy teachers at the Royal School of Hines to 
make an outstanding contribution to metallurgical instruction was Dr. H.C.H. 
Carpenter (b.1875-d.1940), who was appointed to the chair in 1913 and retained 
the position at the time of his death twenty-seven years later. Born into 
fortunate cultural and financial circumstances, Carpenter obtained first-class 
honours in chemistrJ at Oxford in 1896 and then studied in L'eipzig for his 
Ph.D. degree in organic chemistry. He then went to Owen's College in 
Hanchester, but in 1902 was appointed head of the two departments of chemistry 
and !lletallu.rgy at the new National Physical Laboratory in Teddington, :1here 
he was soon L'"lvolved in \vork on thermal transformations in the iron-carbon 
system 3lld in the study of 'high-speed tool steels. Some of the ~mrk done at 
( 10) ROBERTS-AUSTEN, \~-.c., An introduction to the study of metallurgy. 
(London: Charles Griffin, 1st edn. 1891 ), 292pp. 
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the NPL at that time was an extension of that of the Alloys Research Committee 
of the Institution of i<Iechanical Engineers, in which Robarts-Austen had been 
so closely engageda 
In 1906 at the age of 31, Carpenter was invited to occupy the newly-created 
chair of metallurgy and metallography in the Victoria University of Manchester. 
In the following seven years, as his successor later wrote, 'he built up the 
department from zero, and under his inspiring guidance this school quickly 
became known as a flourishing centre of research'. (11 ) The first research 
publication dealt with 'the complex problem of the growth of cast iron after 
prolonged heating or repeated heating and cooling', a subject having wide 
practical application in, for example, the case of buildings partly constructed 
of cast iron which were subjected to fire damage.( 12 ) At the age of 38, 
in 1913, Carpenter was appointed to the chair of metallurgy at the Royal School 
of Mines; at the outset of his tenure of this post he undertook a six-months' 
tour of metallurgical works and centres of research in the USA and Canada. 
For the next twenty-six years, until his unexpected death from heart failure 
in 1940, Carpenter was in the forefront of British metallurgical teaching and 
academic research, raising standards, extending knowledge, inspiring students. 
Nonetheless, among the undergraduate students at the Royal School of l•ti.nes in 
the 1920s he was remote, leaving to one of his assistant professors the 
important task of maintaining contact. (13) Perhaps above all, Carpenter's 
chief contribution was as an ambassador, promoting amongst those with whom he 
came into touch in Governmental committees and at meetings of learned societies 
the idea that those connected with metallurgy might be respectable and 
scientific. 
In 1908, while he held the chair at i•Ianchester University, Carpenter took 
a leading part in the successful launching of a new learned society, the 
Institute of I-tetals, intended to provide meetings to discuss original researches 
relating to non-ferrous metals, together with a journal in which they could be 
(11) EDWARDS, C.~., 'Henry Cort Harold Carpenter 1875-1940'. 
Obi t.Hotices Fellows Royal Soc. (London}. 1939::41, 
vol.3, 617-618. 
( 12) EDWARDS, C.A., on.cit., 618. 
(13) ~{ETT, S.J., personal communication, 1982. Dr. Kennett took the 
undergraduate metallurgy course at the Royal School of 
:tines, 1923-26. 
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published. He devoted time and energy to winning over influential people to 
support the proposed society, and served as honorary secretary during the first 
two years of its existenceo Later he became vice president, and then served 
as president for two years. In addition, he was president of the Institution 
of Hining and J.t!etallurgy for 1934, and of the Iron and Steel Institute for the 
two succeeding years. For six years he was a member of the advisory council 
of the Department of Scientific and Illdustrial Research, and was chairman of 
the council's metallurgical advisory board for the whole of the ten or twenty 
years of its existence. Moreover, he sat on the executive council of the 
National Physical Laboratory. Professor Carpenter was elected a Fellow of 
the Royal Society in 1918 end for some time served on that body's council. 
Clearly, his contacts on all these committees provided many opportunities for 
in:fl uence • 
On the occasion of the first Empire Mining and Metallurgical Congress, 
held at Wembley in 1924 as part of the wider British Empire Exhibition, 
Carpenter presented a comprehensive account of 'Metallurgical education of 
university rank in Great Britain' which he had compiled with the help of 
contributions from those in the various departments concerned:(14) at that 
time, eleven departments offered undergraduate courses leading to degrees in 
the subject, while Cambridge provided postgraduate facilitieso In his opinion, 
the facilities for metallurgical training were 'very considerable and ••• 
ample'. He observed that (15) 
'Since metallurgical departments are expensive to found and to 
maintain, any further resources which may become available for 
education and research should be devoted, not to establishing 
new departments, but to strengthening and extending existing 
ones.' 
·This was at a period ~·Then two neli' :netallurgy departments had just o9ened, at 
the University of Liverpool and in University College Swansea, and all the 
departments together probably had no more than 40 or 50 undergraduate students 
between them. By some means or other, the departments all contrived to remain 
open throughout the 1930s, and by the later 1940s were able to justify their 
(14) CARPENTER, E.C.H., '~Ietallurgical education of university rank in 
Great Britain'. P oc. First Emnire il!ini Metall. Co ress 
(1924)* nart 5 non-ferrous metallurgy, ,London: 1925 , 43-79. 
(15) CA ... 'tPENTER, H.C.H., on.cit., 47. 
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presence. However, with the ineptitude that seems to characterise the 
handling of British public affairs, a number of new university departments 
of metallurgy was then allowed to come into being, unmindful of the experience 
of the inter-war period. 
Three years after the Wembley empire congress, Professor Carpenter 
delivered the annual James Forrest lecture to the Institution of Civil 
Engineers, taki~ as his title, 'Some recent services of metallurgy to 
engineering'. ( 16 Two years later again, in 1929, he received a knighthood 
for 'his contributions to science am metallurgy, and his many varied services 
. ( 17) 
to his country'. By his metallurgical researches he received international 
recognition: he was a corresponding member of the Royal Swedish Academy of 
Science and of the French Societe d'Encouragement. (18) He received gold 
medals from German steelmakers and from the American Institute of Mining and 
Metallurgical Engineers and, strangely in 1940, the Honda Gold !·1edal from the 
Japanese Institute of Metals. No fewer than fifteen papers of which he was 
either sole or joint author were published in the Journal of the Iron and Steel 
Institute. One further way in which H.C.H. Carpenter promoted metallurgical 
instruction was as co-author of a pair of monumental volumes entitled Metals, 
which covered nearly 1500 pages; in 1940 they were described as 'the most 
comprehensive work dealing with the )roperties of metals that has ever been 
written in the English language'. (19 There seems little doubt that Dr. 
Carpenter's high standing as a technolQgical investigator, coupled with his 
personal characteristics, helped to enhance the reputation of the metallurgy 
departments with which he was associated and to lead to general acknowledgement 
that a field of study existed. 
Between them, Percy, Roberts-Auaten and Carpenter were involved with the 
teaching of metallurgy over a span of more than 85 years of the century 1851 -
1950. Another teacher with 'personality' was John Oliver Arnold (b.1858-
d.1930). He came into the field of metallurgical instruction nearly forty years 
(16) CAllPEi~ER, H.C.H., 'Some recent services of metallurgy to engineering'. 
Mins.Proc,Instn.Civil Engrs., vol.224 (1926-27), pt.2, 291-341. 
(17) EIDiiARDS, C.A., op.cit., 624. 
(18) AiTON., 'Obituary: Sir 3:enry Cort Earold Carpenter, FRS'. 
Jrnl.Iron Steel Inst., vol.142 (1940), no.2, 291-293. 
(19) EDWARDS, C.A., loc.cit. 
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on from 1851 when, in 1889 at the age of thirty-one, he was appointed at a 
salary of £250 a year to the chair of metallurgy at Sheffield Technical School; 
at this time the venture had been in existence for half=a-dozen years and was 
ripe for expansion. During the next fifteen or twenty years of the thirty 
that Arnold occupied the post he was influential in making the subject of 
metallurgy known, particularly among steelmakers. He recruited numerous 
students to his courses, and secured greatly-increased teaching facilities in 
Sheffield. Arnold's previous experience, following secondary education at 
King Edward VI School in Birmingham, included a naval cadetship involving a 
voyage to India, and ten years' employment in iron-and-steel companies in 
Sheffield and Leeds. Shortly before embarking upon his teaching work he had 
been awarded the Telford Premium of the Institution of Civil Engineers for 
his paper on the influence of chemical composition in steel tyres. (2o) In his 
academic post he successfully established the study of metallurgy in the Sheffield 
area. Energetic and determined, he knew how to carry out chemical analyses 
of the constituents of steel, and was regarded as a skilful manipulator. 
Pre~ably also he spoke the language of the local steelmakers; he acquired 
a reputation as a useful industrial consultant, and the numbers of students 
who came from the local works for evening-class study grew substantially. 
Arnold championed the cause of the evening-class students, and was proud of the 
fact that, up to 1905, almost equal numbers of day and evening students (20 
and 19 respectively) had won the college's Associateship in Metallurgy. 
Be~111een 1889 and 1905, staff and students of the metallurgical department 
published 'about thirty original researches 1 • Around 1890, and again on 
grander scale immediately prior to the inauguration of the autonomous University 
of Sheffield in 1905, new facilities were provided fo1he engineering departments 
of the college, including metallurgy. Professor arnold was a proponent of the 
philosophy that in a teaching estab~hment for a technological subject like 
metallurgy the equipment should resemble that of a works, being capable of 
doing things as in industry, albeit on modest scale. Thus, in the session 
1904-05, •over 40 tons of ingots and castings were made'. (21 ) 
(20) .Ai'lOU., 'Professor John Oliver ArilOld •. 
( 24 :'larch 1 905), 633. 
Page 1 s ·\-ieekly, voL 6 
(21) ARHOLD, J.O., •·rhe department of iron and steel metallurgy at the 
Universi~J of Sheffield'. J~l.Iron Steel Inst., Yol.58 
( 1905), no.2, 23. 
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With the establishment in 1905 of the University of Sheffield, it 
became possible to award degr~es_ in metallurgy at three levels: B.Met., 
M.Met., and D.l'ilet. Twelve years later, in 1917, and appropriately for a 
steel town, the subject of metallurgy at Sheffield was given a university 
faculty to itself; when the second half of the twentieth century duly opened, 
this was to remain the only instance of a faculty of metallurgy among the 
dozen British university departments that offered the subject as a major 
branch of instruction. We can be sure the determined personality of Arnold 
had a good deal to do with the realisation of this distinction. 
During the 1890s Arnold tried to elucidate the fine details of, as well 
as the reasons for, the observed behaviour of iron-carbon alloys which formed 
the important range of bulk steels. In the course of the investigations he 
made considerable use of the new technique of metallography. He was responsible 
for several published articles which considered the topic of steel structures, 
and it was his work in this field which made his name (and voice ~) recognised 
in the international arena. Soon after 1900 Arnold was awarded the Bessemer 
gold medal of the Iron and Steel Institute, but by this date already some of 
his published writings and uttered statements had been left behind by the 
growth of knowledge. Nonetheless, in 1912, he was elected to Fellowship of 
the Royal Society. In 1905, as one of three technologists, he accompanied the 
British Association to South Africa as a special lecturer on steel. He was a 
member of the standing committee on metallurgy of the advisory council of the 
Privy Council, and was 'frequently consulted' by the Admiralty. (22 ) 
Besides numerous steelmakers, Arnold's products included at least three 
students who, in their turn, became notable teachers of metallurgy: F.C. 
Thompson (professor at Manchester), L. Aitchison (lecturer and later professor 
at Bil'lilingham), and H. O'Neill (professor at Swansea). However, in the v:iew 
of at least one commentator ~ho was a full-time undergraduate at the tiDe, in 
the years around 1910 the teaching in Arnold's department was in a poor state: 
in similar manner to the situation that prevailed in the metallurgy department 
of the Royal School of Hines one or two decades later, the _?r-:>fessor seemed 
(22) ~~ON., 'Obituary: Professor John Oliver Ar~old, ?RS'. 
Jrnl.Iron Steel Inst., vol.122 (1930), no.2, 391-392. 
( 259 ) 
remote from students, and ~h;) derived much more information and inspiration 
from the supporting staff.\ 23 
One other academic to be mentioned is Dr. Robert Salmon Hutton (b.1876-
d.1970). Unlike those considered so far, each of whom held a leading academic 
post for more than twenty years of his life, Dr. Hutton occupied a professorial 
chair in metallurgy for no more than thirteen years, following a wide range of 
other experience; the reasons for his inclusion here chiefly lie outside his 
academic achievements, relating directly to his energetic campaigning for 
better, and enlarged, facilities for metallurgical instruction. Hutton was 
nearly 55 years of age when appointed in 1932 to the chair of metallurgy in 
the University of Cambridge. It is true that earlier, between 1900 and 1908, 
he had been lecturer on electrometallurgy in the University of Manchester, 
before entering the family silver-cutlery business in Sheffield. When this 
collapsed at the end of the Great War, he became the first director of the 
British Non-Ferrous Metals Research Association, one of the new organisations 
arising from the policy of the Department of Scientific and Industrial Research. 
As director, Dr. Hutton tried by various means to promote efficiency within 
the industrial units which comprised the association, one method being by 
publicising accounts of fresh developments likely to lead to economies in 
working. Aware of the difficulties of keeping up with the flow of information 
coming from newly-published articles and books, and of the problems in 
achieving efficient communications, he was instrumental in bringing about the 
formation of ASLIB, the Association of Special Libraries and Information 
Services, in 1924. (24) During the 1920s he travelled an estimated average 
of 1600 km (1000 miles) a week, trying to keep in touch with member companies 
and also nth new developments in the USA, France and Germany, as well as 
within Britain. 
Not only did this experience stand him in good stead in 1931-32, ·..rhen he 
was elected to the newly-created chair of metallurgy in the University of 
Cambridge, endowed by the ¥orshipful Company of Goldsmiths, but it enabled 
him to form a good idea of the scale of the needs for fresh metallurgical 
graduates, and to compare the situation in Britain with those prevailing in 
(23) THOKPSON, F.C., 'Reminiscences'. The i1etallurgist, vol.3, no.10 
(Aug. 1968), 224. 
(24) HUT~ON, R.S., ~ecollections of a technologist. (London: Si~ Isaac 
Pitman, 1964), 162-163. 
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the USA and on the Continent of Europe. At the end of 1937 Dr. Hutton 
addressed two meetings in London on the need for greater numbers of 
metallurgical graduates, pointing out that, at the time, the total British 
honours graduates ranged from fourteen to twenty, compared with about 400 
graduates in chemistry. Even allowing for the fact that a high proportion 
of chemistry students would enter teaching rather than industry, the imbalance 
in numbers was striking. Its significance was heightened by Hutton's remark 
that the British metallurgical industries produced output valued at nearly 
five times that of the chemical industries. (25 ) The supply of British trained 
metallurgists be considered compared unfavourably with the situation in Ger.many. 
This arousal of interest in the state of British metallurgical instruction 
was timely, and in the years that followed considerably greater publicity was 
given to the subject. It was Hutton who initiated discussion on the matter, 
and it is not without significance that he vas widely travelled, poth in the 
USA and in Germany: twice in the 1930s, in 1933 and again four years later, 
he delivered lectures before learned societies in the USA. He had German 
friends, for example Dr. Paul Rosbaud, who worked as scientific editor for the 
publishing company of Springer in Berlin and formerly edited Metallwirtschaft. 
Moreover, Dr. Hutton's views may well have been influenced by the atmosphere 
that prevailed in Cambridge around 1937, where there was great awareness of 
the likelihood of war in the near future, and apprehension over the relative 
weakness and vulnerability of the British technical economy. 
Within the University of Cambridge, Hutton was responsible for expansion 
of the metallurgical research facilities and for successful organisation of 
the first undergraduate teaching in the subject. Metallurgy became recognised 
for the honours degree, the first part II examinations being held in June 1938, 
am the first part I metallurgy examinations in the Natural Science Tripos 
being offered in 1943. ( 26 ) Through his associations ri th the Goldsmiths' 
Company, in 1939 uutton was elected chairman of council of the City and Guilds 
of London Institute, an office he held until 1950.(27 ) In this capacity 
he served on the governing body of the Imperial College of Science and 
Technology, of which the Royal School of i•lines with its deyartment of metallurgy 
(25) HUTTON, :a. s.' ou.cit., 83. 
(26) HUTTON, R.S., on.ci t., 85. 
(27) .EIDT'rON, R.S., on.cit., 113. 
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formed a part. and at the same time, during the 1940s, took an active role in 
promoting national developments in technical instruction. For instance, in 
July 1942 a deputation from the City and Guilds' Insti~~te met the president 
of the Board of Education, R.A. Butler, at a time when the Education Act of 
1944 was being planned. This visit resulted in closer co-operation with the 
Government office than had existed previously. When the Government's White 
Paper, Educational reconstruction, was issued in July 1943, Hutton considered 
that its proposals for improvement and financing of technical education 
appeared wholly inadequate. Accordingly, he set to work, and by December 
of 1943, ~en the Education Bill was presented to Parliament, the City and 
Guilds' Institute had published a critical review which included a supplement 
by Hutton of 'the position of technical education in this country and abroad 
••• making definite proposals for improvements, particularly in relation to 
technological education of university rank.' (2a) Critical comments were also 
submitted to Government by other bodies, and it seems likely these concerted 
representations had some effect upon the politicians, for technical education 
was given a high priority instead of being left at the bottom of the queue, 
and a financial )rovision of £35 million was asked for in place of the original 
£2i millions. (29 A few months later, a Government committee on higher 
technological education, the Percy committee, was brought into being. In 
1947, just when the Parliamentary and Scientific Committee was preparing to 
issue its report on Colleges of technology and technological manpower, Hutton 
returned to the attack in a review which was published by the City and Guilds' 
Institute, Some problems of higher technical education; in this he particularly 
stressed 'the urgent importance of improvements both quantitative and 
qualitative in the education of technologists'. (30) 
Dr. R.S. Hutton was an active campaigner in the corridors of political 
power. By the nature of things, any politicians who took up the cause of 
technical education with significant effect did so over a wide front rather 
than on a narrow subject basis. In parenthesis, however, it is intriguing to 
speculate what the statue of the metallurgist in Britain might have become had 
(28) HUTTON, a.s., o i2. cit., 124. 
(29) HUTTON 7 R.S., loc.cit. 
(30) HUTTOU, .a.s.' OJ2ocit., 125. 
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it been championed by even a single dedicated national politician. As it was, 
the whole-hearted advocates of even generalised technological en( ?uragement 
were few: in the nineteenth century Bernhard Samuelson NP stood out strongly, 
while in the first half of the twentieth century Lord Eustace Percy MP made 
some impact, although in his case it was not until after he had forsaken 
politics that he was afforded the principal opportunity to exercise his views 
influentially. 
Bernhard Samuelson (b.1820-d.1905), and his fellow ironmaster and 
contemporary Isaac Lowthian Bell (b.1816-d.1904), have been repeatedly used 
as examples of the fascinating breed of 'enlightened' industrialists with 
social conscience, the views and opinions of both being made widely accessible 
by the publication of Parliamentary Reports to which they contributed. 
Samuelson came to public notice in 1867 as the res u1 t of his writing a long 
letter to the vice president of the Committee of Council for Education, 
urging reforms in the British educational system. The following year he was 
chairman of the Parliamentary Select Committee on Scientific Instruction. 
In 1870-75 he was a member of the Royal Commission on Scientific Instruction 
and the Advancement of Science, which sat under the chairmanship of the Duke 
of Devonshire. A decade later, in 1881-84, Samuelson was chairman of the 
Royal Commission on Technical Instruction. The fact that he made his living 
from iron and agricultural implements seems largely irrelevant to his 
conscientious expenditure of time, money and effort in pursuit of better 
technological education for the benefit of Britain. Locally, he gave 
generously, to the extent of several thousand pounds, for the creation of a 
high school in Middlesbrough and for the starting of science classes, even 
though in the 1880s he was unsuccessful in his attempts to establish in the 
town a 'metallurgical school'. (31 ) Apart from this~ he does not seem to have 
been directly interested in promoting metallurgical instruction as such. 
I.L. Bell was a leading witness in several Parliamentary inquiries, and 
~oreover had the ability to publish his views. He was author of the book 
The chemical ~henomena of iron s~elting, published in 1872; this influenced 
(31) POTTS, A., ''l'he educational work of ~~r Bernhard Samuelson ( 1820-1905), 
with special reference to technical education.' 
'Wnpublished A.Ed. thesis, University of Durham ( 1969), 44; 
guoting circular 'Pro~osed technical school for :·Iiddlesbrough' 
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thoughts and practice for the remainder of the nineteenth century. He was 
one of the main people involved with the successful formation of the Iron and 
Steel Institute. In his presidential address to the institute in 1873 Bell 
observed that 'the cultivation of metallurgical science has been much more 
industriously pursued abroad than has hitherto been the case in this country'. (32 ) 
However, it was Bell's elder son, Thomas Hugh Bell, who was the consistent 
champion of educational provisions in 1>Iiddlesbrough throughout the period 
1870 - 1910, serving on local boards and development committees, and 
contributing to subscription lists. 
While the Bells, father and son, were always primarily industrialists, 
albeit educated ones, their fellow northcountryman Lord Eustace Percy 
(b.1887-d.1958) was born half a century later a member of the aristocracy. 
After experience in the diplomatic service, Percy was elected Conservative 
!•iP for Hastings in 1921, and in Stanley Baldwin' a new government of November 
1924 was appointed president of the Board of Education with a seat in the 
cabinet. During his tenure of the presidency, which ended with the general 
election of 1929, he worked to secure the wider recognition of technical 
instruction; this was a time when severe financial restraints on the scale 
of Governmental educational spending were imposed by his colleagues and, in 
some districts at least, young people were growing up in an environment of high 
unemployment. \ihile generally pursuing the national educational aims set out 
by his immediate predecessor, Charles Trevelyan, and pleased to have the 
support for changes in general schooling which came with the publication in 
1926 of Sir William H. Hadow's report on Education of the adolescent, Percy 
was at odds with the concept of widespread but restrictive education for all 
to a mediocre level of attainment. For one thing he seems to have disliked 
the 'anti-vocational' trend which was fashionable in the 1920s, and for another 
he felt it important to provide opportunities for those who ~anted to gain 
more education. In contrast ·ff.ith the Hadow committee, Percy considered 
vocational training was a part of the educational field which needed to be 
strengthened and enlarged; he therefore did his best 'to revive national 
interest in technical education, and to encourage more regional consultation 
in its development 1 .(33) As part of this strategy, he had reprinted the 
(32) CAll~, J.C., and TAPLIN, ~., History of the British Steel industrv. 
(Cam bridge, iilass. : Harvard Um v. Press, 1 962 ) , 48. 
(33) ?ERCY, Eustace, Some memorieso (London: Eyre and Spottiswoode, 1958),101. 
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chapter entitled 'Survey of technical education in England and Wales' which 
appeared in the Annual report of. th@oard of Education for the year 1924-25. (34) 
I 
Likewise at his behest, following the general strike of 1926, the Board of 
Education undertook surveys of individual industries and industrial districts 
to assess their likely needs for technical instruction: of particular relevance 
here is the survey published in 1930 of the West ~lidlands metal-working area, 
where a fair fro)ortion of the country's metallurgical industry was 
concentrated. 35 
Losing office with the return of a Labour Government in June 1929, 
Percy took the opportunity to set down in written form some of his vietiS; 
these were published in 1930 under the title Education at the crossroads. (36 ) 
Within the national educational framework, this book argued in favour of 
substantial change and improvement in the position of technical colleges. 
In the prevailing circumstances, Percy regarded such actions aS more 
important than the general raising of full~time school=leaving age. He 
suggested there was considerable need for the technical colleges to take 
greater part in the development of local educational facilities. He believed 
their value would be enhanced if they acquired the character of 'local colleges', 
in which evening-class activities in adult education were combined with 
technical and other vocational instruction to assist in teaching independence 
of judgement. He was pained by the second-class status accorded to 'technical 
colleges', which he saw as potentially the local equivalents of the established 
universities. He propounded the view that technical colleges and universities 
should regard themselves as equals as far as technological expertise and 
experience was concerned, and that the universities should help the 'local 
colleges' to become the leaders for their own districts. (37 ) 
At the time, little notice was taken of these proposals, and in 1937 
(34) BOARD OF ZDUCATION, Surve of technical and further education in ~ land 
and Wales. HMSO, 1927 , Board of Education, educational 
pwnphlet no.49. 
(35) 
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Lord Eustace ?ercy left politics, becoming rector of King's College, 
Newcastle-upon-Tyneo During his fifteen years as rector he contributed to 
the well-being and growth of the Newcastle division of the University of 
Durham, and hence to the improvement of facilities for technological 
instruction in Uorth-eastern England. Hore importantly for present purposes, 
however, in 1944 he was invited by the Minister of Education to become 
chairman of a departmental committee on higher technological education asked 
'to consider the needs ••• ( for such) education in England and Wales and the 
respective contribution to be made thereto by Universities and Technical 
Colleges 1 with reference to the requirements of industry. ( 38) The findings 
of this committee, published in 1 945 and becoming widely known as 'the Percy 
report', influenced subsequent Governmental actions relating to higher 
technological instruction. Reiterating the view put forward by Percy fifteen 
years before in Education at the crossroads, the committee's report pointed to 
'the greatest deficiency in British industry ••• the shortage of scientists 
and technologists who can administer and organize, and can apply the results 
of research to development'. (39 ) It reported evidence of serious shortcomings 
in both the quantity and the quality of men entering industry following 
periods of training in the universities and technical colleges. Among its 
recommendations, the Percy report advocated the fostering of high-level 
technological instruction at a number of selected technical colleges, and the 
nation-wide monitoring of rational course provisions by means of regional 
advisory councils. It was largely arising from the Percy committee's 
recommendations that, in the five years before 1950, there were to come into 
existence a National ?oundry College and the College of Aeronautics at Cranfield. 
In both these institutions metallurgical instruction was to featuxe 
significantly, as it was in several other developments of the second ~art of 
the present century which were to materialise with the help of the Percy report. 
In short, a definite link can be traced between these later improvements in 
the facilities available for technological training and Lord Eustace Percy's 
ideas, which probably crystallised while he was actively handling the problems 
(38) :·LA.CLu""RE, J. Stuart, Educational documents E land and :dales 1816 to 
the uresent day. 3rd edn., 1973 , 226. 
(39) PAP.SOUS, S.A..J., The framework of technical innovation. 
(London: i•Iacmillan, 1968), 141. 
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of national education in the 1920s, and which he committed to paper in 1930. 
Lord Eustace Percy tried to bring about the changes he considered 
desirable by means of personal contacts and persuasion, coupled for a time 
with political authority. However, more potent than any political eloquence 
is the possession of money: during the hundred-year period 1851 - 1950 
finance on a large scale for the promotion of metallurgical instruction came 
from a handful of individuals of whom the most easily identified are Andrew 
Carnegie and Sir Robert A. Hadfield. Andrew Carnegie (b. 1835-d. 1919) , the 
Scottish emigrant to Pennsylvania, had become by 1881 'the foremost iron-master 
in America'. Twenty years later, when he sold the Carnegie Steel Com)any and 
retired from business, he was credited with more than .£60 million. (40 
Carnegie's encouragement of British metallurgical scholarship took practical 
shape in 1901, while he was vice president of the Iron and Steel Institute. 
He presented the institute with 64 thousand-dollar, five--per-cent. debenture 
bonds in the Pittsburg, Bessemer and Lake Erie Railroad Company for the 
purpose of awarding annual scholarships to support researches 'in the metallurgy 
of iron and steel and allied subjects, with the view of aiding its advance or 
its application to industry'. There was no restriction on sex or nationality, 
and the only constraint upon the place of research was that it should be 
adequately equipped to carry out metallurgical investigations. (41 ) Each 
scholarship was worth £100 a year, and within a year or two of the scheme 1 s 
inception Carnegie provided additional funds so that the number of scholarships 
could be increased from three to six. Besides the support grants, the 
scheme made provision for awarding the Andrew Carnegie Gold Medal to the 
participant who submitted a report of sufficient merit. It is interesting 
to note that in 1905 the six-man Carnegie scholarship committee of the Iron 
and Steel Institute included R.A. Hadfield, G.J. Snelus ARSM FRS, and J.E. 
Stead FRS. (42 ) Hadfield was himself to be an outstanding financial 
encourager duriD"' the period 1915 - 1935; Snelus was a respected steelmaker 
who had been closely associated with technological developments for the previous 
(40) CUNNINGHAM, A.S., 'Carnegie, Andrew'. Dict.1~at.Bioeranhv. 1912~21. 
(London: Oxford Univ.?ress, 1927), 92. 
(41) AllOII., 'The Andrew Carnegie research scholarship'. 
P=oc.Cleveland Instn.Engrs., (1901-02), 30. 
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thirty years and had at one time been one of the Government's select band of 
'science teachers'; Stead of Aiddlesbrough was extremely active in 
metallurgical research, trained a succession of successfUl 'metallurgical 
chemists', and was a staunch advocate of improved facilities for instruction. 
Throughout the first half of the twentieth century the Carnegie 
scholarships scheme was an important means for fostering metallurgical research 
in Britain; many people who afterwards came to occupy responsible positions, 
including academic ones, benefited from it, and the reports of investigations 
contained some notable advances in knowledge. For these reasons, Carnegie's 
benefactions merit high recognition. Additionally, it may be safely assumed 
that the cause of metallurgical instruction was helped by the twelve-million 
dollars Carnegie gave for endowment of 660 libraries in the British Isles. (43 ) 
Around 1920, Dr. J .E. Stead claimed that Carnegie had agreed to provide money 
for starting a metallurgical centre in Middlesbrough, but died before anything 
could come of the promise. 
To a considerable extent, as far as British metallurgy was concerned, 
the mantle of Carnegie was assumed by Robert Abbott Hadfield (b.1858-d.1940). 
In the early 1870s Hadfield 1 s father had established successful steel-casting 
works in Sheffield, and the younger man received a good start, entering the 
business in 1875. Although he lacked any formal training in research, he 
began systematic practical metallurgical investigations which led to the 
development of alloy steels, his own 'Hadfield's manganese steel' bei~ a 
noteworthy new variety in the closing years of the nineteenth century. 44 ) 
Hadfield became widely recognised as a leading metallurgical researcher as 
well as a successful and energetic industrialist, and over many years he was 
a voc:i:ferous champion of the importance of metallurgy, while his financial 
help was of substantial ~ractical value during the 1920s and 1930s. ~o the 
University of Sheffield between 1917 and 1935 Hadfield gave altogether sums 
of at least £27 000 for improvements in the facilities for studying metallurgy 
and foundry wol'k; new laboratories, bearing his name, were o~ened in 1938. 
Among his published volumes were The work and nosition of the metallurgical 
chemist (printed privately in 1921) and :1letallurgy and its inf'luence on modern 
(43) CUNNINGRAH, A.S., loc.cit. 
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progress (London: Chapman and Hall, 1925). Both books were effusive and 
wide ranging. 
In the 1920s Sir Robert Hadfield (as he had become in 1917) endowed a 
scholarship, preferably for English subjects, tenable at the Metallografiska 
Insti tutet in Stockholm. In 1927, finding himself unable to take part in the 
second Empire Mining and Hetallurgical CoDgress which was to be held in 
Canada, he offered two travelling scholarships, each with a value of £200, to 
help others to attend. The election of the scholars was determined by the 
Institution of Mining and Hetallurgy and the Iron and Steel Institute, who 
made awards to Assistant Professor Bernard W. Holman (of the mining staff 
at the Royal School of ~ines) and Miss Constance Elam (a leading metallurgical 
research worker at both the National Physical Laboratory and the Royal School 
of l<Iines) • ( 45 ) 
In the closing years of the hundred-year period 1851 - 1950, important 
financial encouragement for metallurgical training came from two quarters, 
one a charitable trust and the other a commercial company. Both, however, 
are clearly associated with particular individuals. The trust lfas associated 
with William Richard Harris (b.1877-d.1963), Viscount Nuffield who, from 1938, 
made donations and bequests totalling more than £28 millions; (46 ) to 
facilitnte the distribution of these gifts, in 1943 the Nuffield Foundation 
was established with £10-million worth of ~~rris Motors' stock. A large 
proportion of the total sum donated went for medical and social endeavours, 
but a useful amount was directed by the Nuffield Foundation into metallurgy. 
According to one account, (4?) it was 'Lord Nuffield's personal and keen 
interest in extraction metallurgy' which 
'led directly to the decision of the trustees of the Nuffield 
Foundation in 1946 to devote £70 000, to be spent over a period 
of five years in some way which would be of beneft to metallurgical 
education and research in the British Empire.' 
It happened that the secretary of the Nuffield Foundation, L. Farrer Brown, 
(45) AN'OU., 'The Hadfield travelling scholarships'. 
Aining ~·Iag. (L-ondon), vol.37, (Sep.1927), 130-131. 
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was an old friend of a. leading member of the London I'1etallu:-gical community, 
Dr. J.B. 'liatson of the Royal ihnt and, (4S) as a result of Dr. ilatson's 
proposals, the Institution of l-1ining and Aetallurgy became involved, and a 
scheme was agreed. Travelling scholarships and fellowships were made 
available in 1947 and for a number of the following years, with the primary 
aim of enabling undergraduate students, postgraduates, and metallurgical 
teachers to broaden their experience by visiting industrial plants situated 
in other ~arts of the world. At the same time funds were allocated for a 
research fellowship in extractive metallurgy, tenable for five years at the 
Royal School of Hines; this developed into the Nuffield Research Group which 
during the 1950s was to afford. training to a number of investigators and to 
make important contributions to the extension of knowledge. 
The industrial organisation which supplied handsome sums to aid 
metallurgical training was the International Nickel Company of Canada, and its 
subsidiary in Britain, the l•lond Nickel Company. In 1937, D. Owen Evans ~~, 
vice president of the International Nickel Co. and chief executive in Britain 
of Hond Uickel, lfas instrumental in providing the Institute of Hetals with a 
ulatinum medal 'to be awarded annually for distinguished work in any branch of 
~on-ferrous metallurgy'. (49 ) liine years 1a ter, in 1946, the then chair.nan 
and managing director of the !1ond Nickel Company, Sir William T. Griffiths, 
addressed letters to the presidents of the five organisations in Britain 
concerned nationally with metallurgy, offering to provide fellowships. He had 
persuaded his fellow directors of the Mond Nickel Company to supply, under a 
seven-year covenant, a total sum of £50 000; this money was to be made 
available to the five national organisations in such a way that five fellowships, 
of an average value of £700, could be awarded each year for between ten and 
fifteen years. It was intended the awards should be made to men and women 
of British nationality who were already educated to degree level and who irlshed 
to spend a. year, generally abroad, in studying some aspects of metallurgical 
industry. The objects of the scheme were to improve the ap?lication of 
research findings to British metal-using and metallurgical industries; to 
assist those with qualifications in metallurgy to obtain training that would 
help them to assume executive and administrative positions in industry; and 
(48) #ATSON, Dr. J.n., personal communication, Dec. 1981. 
( 49) ·:Phe Metal Industry, vol. 50, no. 11 ( 12 Mar. 1937), 343. 
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to attract into the metallurgical field those qualified in other branches of 
science. ( 50) ..:he first year of the awards was 1947. In 1949 only two Hond 
Nickel Fellows were appointed. ( 51 ) 
From a small number of sources, and inspired by individuals, came 
considerable sums of money to promote metallurgical instruction. One or ~tio 
other people found it possible to achieve much through personal effort and 
involvement. One person who made an outstanding contribution by sustained 
personal effort was J.~i. Jenkin (b.1899-d.1974). At the end of the Great 
~·/ar, John Watson Jenkin obtained a grant of £156 a year from the Board of 
Education to take a two-year course leading to an honours degree in chemistry 
at King's Co~lege London. He then studied metallurg for eighteen months on 
an extended grant at Sheffield, emerging in 1923 as the possessor of the 
University's first Ph.D. in the subject.( 52 ) After several years' metallurgical 
work at the National Physical Laboratory, in 1929 he began employment ri th a 
Hidland company, Tube Investments Ltd., where, during the next 35 years, he 
built up from scratch a large research organisation, becoming director of 
technical information. Dr. Jenkin soon became involved with the !·1idland 
metallurgical 
the Institute 
1944-45.< 53 ) 
societies, being hon. secretary of the Birmingham section of 
of Heta.ls from 1931 to 1938, and chaiman of the section in 
He also served on the council of the. Bimingham Hetallurgical (S"+) 
Society, being president in 1945-46. In 1944 he became a member of the joint 
committee on national certificates in metallurgy, assuming the chairmanship 
of the committee in 1949. In 1947 he joined the committee set up to administer 
the new I>l:ond Nickel Fellowships, becoming chairman in 1950. (S5 ) During the 
(50) GRIFFITHS, '1/.T., 'Fellowships in metallurgy' (copy of letter from the 
chairman of the !>lend Nickel Co. to the "Jresident of the 
Institution of Hetallurgists, 27 Feb. 1946). Bull.Instn. 
l•ietallurgists 1 no. 1 (July 1 946) , 1 6-18. 
(51) AlTON .. , 'i:olond llickel Fellowships'. Bull Instn.Metallurrists, vol.2, 
no.4 (Deco 1949), 43-44. 
(52) JElruN9 J.'.V., '50 years in metallurgy'. 
Technologist, voL 5 (Nov .1973), 
:'ietallurgist :·Iaterials 
579-582. 
(53) JErlKIN, J.~·l., 'The presentation of metallurgical information'. Originally 
published by 'fhe i>Ietal Industrv ( 1 958), rl th reprints issued 
(~4) 
by the Department of rechnical Inior.nation, ·l'ube Investments 
Ltd., Birmingham (1958), with biograuhical note extracted from 
The Birmingham Post year book '~ho's ;ho'. 
;ms':', E.G., 'Dr. J.:J. Jenld.n - an apureciation'. 
M t 11ur · ... "'-t m h 1 - 7 t - '"" r "'71 b '.~...,5 ·., e a g:;.s" ··= 3 .... ec _no o.g;±s , vol.. 1 ,~e • , :1 i j, 1 :J2. 
loc.cit. 
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late 1940s he served on the City and Guilds' advisory and moderating committees 
on metallur?Y as well as on the City of Birmingham's education committee on 
t 1. \56) me a .Lurgy. 
In 1943, following the suggestion made by Dr. r·!arie L.V. Gayler of the 
National Physical Laborator;, Jenkin was one of those who took steps to form 
a professional body to represent metallurgists, being in the forefront of 
negotiations which, late in 1945, led to the establishment of the Institution 
of 1-'!etallurgists. ;rhe following year he was elected the inati tution' s second 
president, a position he held until 1948. In this capacity he influenced the 
style adopted by the new institution and the matters which it considered 
important; these included a reasonable level of wages offered to metallurgists 
by employers, a high standard of competence and integrity, and improved status. 
To ensure a continuing high standard of competence among the rising generation 
meant providing increased facilities for metalluegical instruction at various 
levels; from the outset, the Institution of Hetallurgists took positive 
interest in metallurgical instruction. Besides participation in the joint 
educational committee of the Iron and Steel Institute, the Institution of 
J.liining and Hetallurgy, and the Institute of i>ietals, the Institution of 
Itletallurgists drew up its own plans for written and oral metallurgical 
examinations to qualify for membership. The first of these examinations were 
held in 1947; Dr. J.l·l. Jenkin was chairman of the examinations board until 1952. 
His presidential address to the Birmingham i1etallurgy Society in 1945 was 
published under the title 'l•letallurgy as a profession', while a year later 
parts of an address he delivered to the Sheffield i·Ietallurfcal Association 
were published with the question '~nither Metallurgy?'. (5? 
Interviewed some twenty-five years later, Dr. Jenkin affirmed his vie>'l' 
that a professional person 'should be desperately keen on his work - to the 
point of sacrifice, if necessary - and should maintain the highest standards 
of competence and conduct.' He commented that 'only if the individual job 
satisfaction of the worker is of the greatest will the status of a profession 
be enhanced.' On the need for flexibility to enable the metallurgist to make 
(56) 
(57) 
LllOU MID STEEL HlSTITUTE, 1 John 'ria tson JeP..kin, Ph.D., ARIC ,FIW • 
Jrnl.Iron 3teel Inst., vol.158, pt.3 (Har.1948), frontia. 
JENKIN, J.\i., 'Netallurgy as a nrofession'. The l'!etal Industry, 
vol. 67 (23 Nov.1945),- 335-337; 
(30 Nov.1945), 362-364. 
JE.IlKI.i'l, J. W. , 'Wbi ther Metallurgy?' • Me tall urgia, vol. 35, _pt. 205 
(Nov.i946), 41-46. 
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major changes in professional activities in mid career, he believed that among 
the chief qualifications likely to help was possession of a 'good groundwork 
in metallurgy', while 'most of all, personality counts, with an ability to 
communicate.'(SS) These were the opinions of a man whose academic introduction 
to metallurgy had been made thxough eighteen months' postgraduate study for 
a Ph.D. degree, and who subsequently, during a long career involving 
metallurgical and management skills, had devoted much energy to improving 
the status of the subject. 
In this chapter, the influence and actions of a number of different 
people are reviewed: metallurgy teachers, philanthropic political figures 
and businessmen, and individuals dedicated to raising the standing of 
metallurgy. Altogether it is possible to point to perhaps a dozen people who 
were responsible for bringing about developments which have had substantial 
impact upon the growth of metallurgical instruction, although not all of them 
took actions which were consciously aimed specifically at furthering 
metallurgy. Some, exemplified by Bernhard Samuelson in the nineteenth century 
and Lord Eustace Percy in the twentieth, were concerned with the position of 
national technical education as a whole: they persuaded Government to effect 
changes which enlarged the field of technological instruction, and in this 
same category came several others not considered here, such as Lyon Playfair 
and J.F.D. Donnelly. 
By contrast a small number of others were involved directly with 
metallurgy. Several of these influencedpublic opinion, or the opinion of 
particular restricted groups, concerning the desirability of providing 
metallurgical tuition. Two academics, ?rofessors w.c. Robarts-Austen and 
H.C.H. Carpenter, both of whom received knighthoods, were outstandingly well 
placed to make the case for illetallurgy when they gave lectures to major learned 
societies as well as when they attended committees of the same societies and 
those of Government. Professor R.S. nutton, the industrialist turned academic, 
(58) THE METALLURGIS'l', 'An interview with .Jr. J.H. Jenkin, past president 
(1946-8)'. :·ietallurgist l>lats.'l'echnologist 1 vol.5 (?eb.1973),79 .. 
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was another who, in the 1940s, sought the ear of Government to promote the 
cause of metallurgical instruction, while he also enjoyed good contacts with 
industry and with the wealthy ·.iorshipful Company of Goldsmiths. 
In contrast with their numerous fellow proprietors of steelworks, P~drew 
Carnegie and R.A, Hadfield stand out distinctively as men prepared to give 
generous sums of money to encourage the study of metallurgy; and Carnegie 
obtained his wealth by exertions in the USA, not Britain. Besides giving 
financial help, Hadfield was an active ani eloquent communicator, making 
opportunities to stress the significance of the subject of metallurgy. In 
the industrial sphere outside iron and steel, during the last few years of the 
period 1851 - 1 950 large benefactions to help individuals to acquire metallurgical 
knowledge came from Viscount Nuffield, through the Nuffield Foundation, and 
from the Nond Nickel Company. In the latter case the influences of two 
successive chief executives of the company, D. Owen Evans and Sir William T. 
Griffiths, were responsible for the substantial financial aid that was forth-
coming. wbile these men were able to exert notable influence upon metallurgical 
instruction by persuading their fellow directors to release company funds for 
the purpose, Dr. J.W. Jenkin impressed his viewpoint by expending considerable 
time and energy over a period of many years. 
The people noted were the front-line contributors to developments: it 
is assumed there was behind them a 'second rank' of others, here un-named, 
who also materially aided the growth of metallurgical instruction. It is 
concluded that the efforts of the small number of identifiable individuals 
had considerable influence. 
A LOCAL CASE STUDY 
IN THE 
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CHAPTER 11 
DEVELOR·1ENT OF FOID1AL 
IRON-ru~-STEEL TOWN OF 
~!ETALLURGICAL INSTRUCTION 
HIDDLESBROUGH 
To give some idea of the way in which local industry, as well as other 
factors, might influence the development of formal metallurgical instruction, 
it may be instructive to consider what occurred in Middlesbrough, in north-
eastern England, although it is not claimed that what happened in this town is 
necessarily typical. I'loreover, interest in instruction in Hiddlesbrough 
stemmed from iron-and-steel production rather than from the other industrial 
sectors involving metallurgy such as non-ferrous production or the fabrication 
of metals, sectors which might be expected to require a higher proportion of 
skilled labour and people with metallurgical knowledge. Coincidentally, 
Hiddlesbrough's production of blast-furnace iron dates from 1851; by the 
early 1860s, the district had become recognised as one of the country's chief 
sources of both crude pig iron and refined, or malleable, iron, with a sizeable 
and growing immigrant pop-.J.lation. During the 1860s the district 1 s leading 
industrial figure, the ironmaster Henry W.F. Bolckow, gave nearly £6000 to help 
provide primary schools in the new town. 
In 1861 the :·liddlesbrough mechanics' institute, then seventeen years old, 
became one of the first in the north of England to offer candidates for the 
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Science and Art Department's examinations in chemistry, ( 1) and more than a 
dozen students were involved in each of the next few years.. However, in October 
1867, as only one came forward for chemistry tuition, the class did not run. ( 2) 
Also in the 1860s, there was brought into being the Cleveland Institution of 
Engineers, whose aims included the spread of technical knowledge by presentation 
and discussion of papers on subjects of metallurgical and engineering interest. 
'Nhile this was to remain a local learned society throughout the period ending 
in 1950, the Iron and Steel Institute was to be a national one: between the 
founding of the 1a tter institute in 1869 and its move to a London base in 1875, 
its offices were in I-liddlesbrough. (3) 
In connexion with the town 1 s mechanics' institute, soon after 1870 1 an 
attempt was made to form day-release classes in mathematics for local 
apprentices', according to one source, but it failed due to the employers' 
unsympathetic attitude. However, from 1871 evening mathematics classes were 
held with more success under the auspices of the Science and Art Department, 
together with ones in both mechanical and architectural drawing. In 1878 the 
Science and Art Department insz:cted and approved new chemical laboratories 
associated with the institute. 4) 
Around 1870 a boys' high school for hiddlesbrough was started, largely by 
the exertions and funds of several who were engaged in local industry. T. Rugh 
Bell (b.1844-d.1931), son of Isaac Lowthian Bell of the great Clarence Ironworks, 
took an active interest in the project from the beginning, and was to remain 
a champion of educational developments in the town for 60 years. The necessary 
land was given by the Peases of Darlington, who had extensive iron and coal 
interests; the Bells and Bolckow each contributed £1000 for the high school, 
and the Owners of the Hiddlesbrough Estate, consisting largely of the ?ease 
family, undertook to build the boys' ~art of the school at a cost of £7000. (5) 
Bernhard Samuelson, who was another ironmaster in the locality, contributed 
( 1) BDTTBRI'IORT!!, H., 1 'l'he development of technical education in ~·Iiddlesbroughs> 
1844~1903'. Durham Rsch.Rev., vol.3, (Sep.1960), pt.2, 28. 
(2) POPPLE, J., I'.J:lhe mechanics' insti tates of the Sast and Uorth Ridings of 
York, 1837~1887'. Vocational Asnect, vol.10, no.20 (S~rir~ 
1958), 37 fn .. 
(3) LAKE, N.C., 'The next 100 years' (presidential address). 
Jrnl.Iron Steel Inst., vol.208 (June 1970), 525. 
( 4) BUTTER~WRTH, H., op. cit., 29. 
(5) LEONA..'ID, J.W., Constantine College. (~Iiddlesbroagh: 'l'eesside Polytechnic, 
1 981 ) ' 1 50 
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£1000 to~1ards the cost of adding a section for girls, but by 1882 he had grown 
impatient with what the trustees of the high school had achieved and, with the 
backing of other local industrialists, he agitated for what he called 'a 
metallurgical school' for the town. 
It is difficult to know exactly what Samuelson envisaged, but in the 
preceding decade he had been involved with the founding of the Yorkshire College 
of Science in Leeds and with the establishment of the College of Physical Science 
in Newcastle-upon-Tyne. (6) ~·loreover, it was just at this time that he was 
chairman of the Royal Commission on Technical Instruction, and he was likely to 
be aware of the contemporary developments in Birmingham and Sheffield. In 
Birmingham regular evening metallurgy classes were in course of formation in 
connexion with the Birmingham and i·Iidland Institute, while in Sheffield plans 
were afoot for the opening of a technical school to include metallurgy. Also 
about this time, Samuelson agreed to sponsor a technical institute for Banbury 
where he had his agricultural-implement works: it was at the opening of this 
institute in 1884 by A.J. Mundella that Samuelson's baronetcy was announced, 
for services to the education of the people. In his presidential address to 
the Irori. and Steel Institute in 1883, Bemhard Samuelson observed that 'the iron 
manufactUI'E!rs of Westphalia have been the first to found an institution in which 
the intelligent and ambitious ironworker can qualify himself by study for a 
higher position'. He went on to express his hope that when the institute 
visited Middlesbrough in the autumn of the same year 'some progress will have 
been made in that locality towards the establishment of a similar school'. (7) 
Unfortunately, members of the Iron and Steel Institute were to be disappointed 
on that score. It seems that, by their intransigence, the i·liddlesbrough h;igh= 
school trustees may have missed an opportunity to profit from Bernhard 
Samuelson's munificence. In any event, in the compromise which followed the 
confrontation, Samuelson agreed to support the trustees' scheme to sPend £6000 
on building a science block for the school and to employ a science t~acher. (S) 
For their part, the Samuelson faction secured the starting of evening classes. 
In the autumn of 1885 evening 'science' classes were begun at the school, 
immediately attracting 293 enrolments, and drawing students away from the 
( 6) POTTS, A., 1 'l'he educational work of Sir Bernhard Samuelson •.• ' • 
Unpublished ~·I.Ed. thesis, University of Durham (1969), 55-56. 
(7) POTTS, A., on.cit., 96. 
(8) POTTS, A., op.ci~., 44-45. 
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mechanics' institute; by 1896 this older teaching centre had lost all its classes 
to the high school. In 1887 the Science and Art Department recognised part of 
the boys' day school as a 'science school', and offered some forty scholarships 
to help students to attend. Each of these Government scholarships had to be 
matched by similar amounts provided by local donors, who included Sir Bernhard 
Samuelson, T. Hugh Bell, Bolckow Vaughan & Co., and the Peases. The evening 
classes available included metallurgy, mechanical engineering and, in preparation 
for the City and Guilds' examina tiona, iron and steel. ( 9 ) From 1886 to 1 902 
the teacher for the City and Guilds' classes was one of the local works' 
metallurgical chemists, C.H. Ridsdale, who had obtained his own training as a 
pupil of the Cleveland consultant chemist and metallurgist J.E. Stead. ( 1o) In 
the 1880s help with building extensions came from both local businessmen and 
London livery companies: local sources supplied £2300, of which £1000 came from 
Sir Bernhard Samuelson, while the Drapers' Company gave £550 and the City and 
Guilds of London £500. (11 ) 
Some figures for r.liddlesbrough students sitting Science and Art Department 
examinations in metallurgy indicate that during the last two decades of the 
nineteenth century the lll.lmbers flue tua ted widely, Table 11 .1 • The decrease in 
Table 11.1. Middlesbrough Science and Art Examinations in ~·ietallurgy 
Year Subject : Metallurgy Theory Subject . i·ietallurgy Practical . 
National ~i 1 bro 1 o H 1bro 1 • National H'bro!. I>l 1 bro 1 • 
total students students as total students students as 
sitting attending proportion sitting attending proportion 
exams. classes of nat. exams. classes of nat. 
total total 
1880 277 0 o% 0 0 0 ;; 
1885 351 30 8 .. 5 ~6 126 20 16 ~:{, 
1890 514 10 2% 253 10 4 ;; 
1895 534 0 0 ~b 391 0 0 _, >~ 
1900 463 0 0 ;{, 370 0 0 ,,.' i.J 
·-
Based on l.WSGRAVE, P.:v., ·~~ietallur~ and the Department of Science and Art, 
1870-1 900 1 • In HUSGRA VE, P. ~"i. , ( ed. ) Sociology 1 history and education a reader, (London: :.:ethuen, 1970), 268, 270. 
(9) BUTTERWORTH, H. 9 on.cit., 30. 
(10) Iron Coal ·rr.Rev., vol.82 (12 Hay 1911), 771. 
(11) POTTS, a., ou.cit., 45-46. 
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:·Iiddlesbrough numbers after 1885 may be accounted for by the starting of tuition 
for the alternative City and Guilds' examinations in iron and steel. T'nis 
explanation is supported by the fact that no similar drop during the years in 
question is shown by the corresponding figures relating to mathematics and 
chemistry. 
During the 1890s the high school received a certain amount of aid from 
Hiddlesbrough council, but only a minor fraction of what could have been 
provided had the town made full tee of the provisions of the ·rechnical Instruction 
Act of 1889 and the LocalTaxation (Customs and Excise) Act of 1890. Thus, 
between 1891 and 1895 the council gave the school £1486 out of the £5204 
received under the 1390 Act, ( 12 ) and in the twelve years from 1890 to 1903 a 
totruof £6066 was paid by the council to the school. It has been estimated 
that if the penny rate allowed by the 1889 Act had been levied, and if the full 
amount of money accruing to the council under the 1890 Act had been paid, 
another £20 000 would have been available for technical education. ( 13 ) As it 
was, in the later years of the 1890s the working of the boys' school resulted 
in financial losses, and in 1900 the high school's trustees handed over their 
charge to the Middlesbrough county borough council. 
The laCk of money in the latter part of the nineteenth century prompted 
the remark attributed to an ID•1 Inspector in 1901 that Hiddlesbrough wa.s 1 far 
behind any other town for its size in the district in ita provision of technical 
instruction•.( 14) With the meagre finances on which the high school had had 
to exist it is not surprising a report in 1903 indicated that 'the metallurgy 
department of the high school was hopelessly inadequate • • • and the building 
construction and engineering departments were just as bad', with 'no appliances 
for ••• teaching ••• practical iron and steel metallurgy ••• (and) no means of 
chemically analysing- iron and steel or mechanically testing products 1 • ( 15 ) ~his 
account has to be weighed against one of the situation ten years before, when a 
'specially equipped metallurgical laboratory' existed, but as only ten candidates 
( 12) DRURY, J .H., ''i'he history of education in ~Iiddlesbrough •.. '. Unpublished 
H.Ed. thesis, Victoria Univ. of ~'ranchester, ( 1940), 60. 
(13) BUTTERWORTH, H., op.cit., 33; LEONARD, J.~., ou.cit., gives details, 
·~able 4, 170. 
(14) ,;vrusGP..AVE, P.:'l., 'Netallurgy and the ~epartment of Science and Art, 
1870-1900'. In I1USGRAVE, ?.'il. (ed.), Sociology, cistor:z and 
education a reader~ (London: •!Sthuen, 1970), 269. 
(15) DRTJRY, J • .a:., ou.cit., 62. 
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were taught for the practical metallurgy paper of the Science and Art 
Department the space was used for school physics. ( 16) However, inspectors' 
reports made in 1906 and 1907 repeated the criticism of the lack of both 
accommodation and equiiDent; in 1913 the report observed that the staff T..tere 
doing good work in the prevailing 1 very adverse conditions' ; and in 1 914 the 
report commented that there 'was not sufficient equipment for tea~~ing metallurf'r , 
(and) no appliances whatever for teaching practical iron and steel metallurgy'. 17 · 
These comments were made about the facilities existing in the high school which 
had set itself out to provide the most-advanced technical instruction in an 
important iron-and-steel district. 
Despite the adverse circumstances, five-hundred students attended day and 
evening classes in the early 1900s, lack of accommodation preventing any marked 
increase in numbers from occurring during the first three decades of the 
present century. Soon after the new century had opened, one of the district's 
leading iron-and-steel companies, Dorman Long & Co. Ltd., became exceptional 
in making arrangements for apprentices to spend one afternoon a week at technical 
classes at the high school during working hours. (1a) By the arrangement 
thirty-five students aged sixteen and upwards attended the first of such 
'engineering' classes in 1902. A few years later two Sheffield companies, 
Vickers Sons and r-Iaxim Ltd. and Samuel Osborne, were promoting similar 'day-
release' schemes, while at Woolwich the Royal Arsenal working under direct 
Government control sent 'trade lads' to the local polytechnic. ~hese day-release 
arrangements entailed attendance at evening classes too, as did the many other 
instances where academic instruction during the working day was looked on with 
disfavour. The Teesside engineers and iron founders, Head Wrightson 2 Co., 
whose activities were closely linked with the iron-and-steel industry, introduced 
compulsory evening classes for apprentice fitters and turners shortly before 
1900. Soon afterwards an engineering company in nearby Hartlepool, .Richardsons 
~Jestgarth & Co. Ltd., introduced a modification to its training sche!:le 1-rhereby 
each apprentice, 'on reaching a certain standard for timekeeping, perseverance, 
ability, and good conduct in the shops, and for passing exc..minations at the 
( 16) I•IUSGR.AVE, P. W. , loc .cit. 
( 17) LEOHAPJJ, J. 'tl. , o-o. cit, 18-1 9. 
( 18) l•iUSGP..A'lE, the labour force and education •.• 
Oxford, etc.: Pergamon ?ress, 1967), 89 and 92; 
quoting SA.D~R, rr:.E., Continuation schools in :::;ngl.:md and 
elsewhere, (i:Ianchester, 1908), 278-9 and 21)0-91. 
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( 19) 
evening classes, obtained an increase in his weekly pay for the whole year.' 
Among the reasons advanced for the general reluctance of employers to release 
young apprentices for formal tuition during the working day was the fact that 
many of them were being used as cheap labour, doing men's work but not receiving 
the recognised wages for it, and they could not well be spared. A commentator 
in the late 1930s observed that this was commonplace in the heavy industries 
f hi d (20) o s ay. 
The foDmal classes in which local engineering employers were interested 
would be in subjects such as mechanics, mathematics, and engineering drawing, 
and not specifically for metallurgy. Any local people who aspired to advanced 
studies of any kind had to go elsewhere for them. As far as metallurgy was 
concerned, Sheffield and Newcastle were the nearest centres, but Newcastle 
offered only full-time day courses and Sheffield with its arduous part-time 
Associateship course was completely out of reach for daily travel. .~ter 
about 1910 the University of Leeds offered courses in fuels and metallurgy, but 
again, attendance at these would hardly be practicable for anyone with a job 
in Cleveland. London external-degree examinations following private study were 
an al terna.tive which an exceptional and select few attempted. :a:arold Hoore, 
a I<Iiddlesbrough boy who wa.::' to become in the 1940s one of the founders of the 
Institution of Hetallurgists and its first president, was successful in obtaining 
the London B.Sc. degree in science in 1898 at the end of three years' unremitting 
private evening study combined with his strenuous working days as a pupil in 
J.E. Stead's analytical laboratory. (21 ) 
Technical colleges for formal instruction were opened in some north-eastern 
industrial towns before 1910: at both Darlington and West Hartlepool in 1897, (22 ) 
and in Sunderland in 1901. By contrast, Hiddlesbrough had none. Largely 
through the determination of Sir Hugh Bell a plot of land was obtained for the 
town, and some years later in 1913 alternative schemes costing £7000 and .£25 COO 
were drawn up for a technical college and art school. It was envisaged that, 
(19) AIICU., •The training of apprentices'. Page's weekly, vol.6 (20 Jane19C5) 9 
11 6 0 
(20) JRTJRY, J.H., on.cit., 115. 
( 21 ) Z;IQORE Harold, 'Some recollections ' • 
The Metallurgist, vol.1, ~o.1 (1960), 30. 
(22) PAT·l'E1IDEN, D.;'[. (ed.), ?rom telegra:Jhs to nuclear power. 
(i,Iiddlesbrough: Instn.3lectrical 3ngrs., 'I'ees-side 3Ub-centre, 
1 969) ' 71-72. 
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in the more-costly scheme, besides advanced instruction in plumbing, engineering) 
woodwork and commercial subjects, provision might be included for metallurgy. (23 
The Board of Education was asked for money so that the proposed technical college 
and art school might materialise. 
The Great War then intervened: on the one hand it gave the town councillors 
and the officials of the Board of Education an excuse for further delays, and 
on the other it provided a welcome upturn in industrial activityo For many 
years the chemical and metallurgical consultant J.E. Stead had been a staunch 
advocate of better technical instruction; at the time of the Great War he and 
the president of the Cleveland Institution of Engineers, r-lr. W. Rawdon, who 
worked for Sir B. Samuelson & Co., were actively campaigning to establish a 
local metallurgical 'research laboratory'. The proposed laboratory, which would 
include a lecture room, was intended to promote technological understanding 
and improvement in the steel industry, and also to supply condi tiona in which 
those engaged in it could meet socially, perhaps borrowing something from the 
London 'polytechnic' idea. Stead had enlisted the support of Andrew Carnegie 
for the project, but Carnegie's death occurred before any definite financial 
help had been secured from that direction. The Cleveland Institution of 
Engineers supported Stead's idea, and solicited aid from local industry. As 
the result, promises, but not hard cash, to the extent of £36 000 were forthcoming 
Dorman Long, through Sir Hugh Bell, and Bolckow Vaughan, each agreed to give 
£1 0 000. Dr. Stead himself pledged .£500. 
However, despite the extensive iron-and-steel and engineering industries 
in the lhddlesbrough district, the major financial gifts which made realisation 
of a technical college possible came not from the industry directly, nor from 
the town which had grown very largely as the result of it during the previous 
70 years, but from members of a ship-owning family who felt themselves to have 
been identified commercially with Middlesbrough. In 1916 the mayor of 
~liddlesbrough was able to announce that l'lr. Joseph Constantine, JP, ·.·ms prepared 
to give £40 000 towards erection of a technical college. 
this offer Joseph Constantine said (24) 
In connexion with 
(23) A.J.'l'ON., '?echnical education in Hiddlesbrough'. In brochure published 
for the official opening of ~he Constantine ~echnical Gollege J¥ 
the Prince of \·/ales, 1930. (/d.ddlesbrough Central ?..ef. Library). 
(24) AHOll'., 'Technical education in Aiddlesbrough', loc.c'it. 
( 282 ) 
..... when the time of peace comes we must be properly equipped 
to stand up against very serious competition from other 
countries, including Germany. To accomplish this we must 
get well equipped for technical instruction 
In the event, because of delays and rising prices during the 1920s, altogether 
the Constantine family came to contribute £80 000 for the technical college 
building. The primary object of the proposed college, as it was seen before 
1920, was to be(25 ) 
'the encouragement and advancement of technical knowledge and 
research in ••• 
(i) metallurgy; 
(ii) engineering, including its application to iron and steel 
works, shipbuilding and mining; 
(iii) chemistry and its application to metallurgy and engineering, 
and more particularly to coal, coke and their by-products; 
(iv) such other branches of the pure and applied sciences as 
may be necessary in connection therewith. 
Dr. Stead's proposal was thus the catalyst by which substantial funds 
for the promotion of technical instruction came to the Hiddlesbrough council 
through the generosity of individuals. Even so, the scheme was not realised 
for another thirteen years. Part of this delay could be attributed to 
objections raised by the Board of Education regarding features of what was 
proposed; by about 1920 these had been resolved, but it was not until 1927 
that building work commenced. The new Constantine Technical College came into 
use for classes in September 1929 .. 
In 1919, before the scheme for a technical college materialised, a 'junior 
technical school' was started in the town to provide selected thirteen-year-olds 
with a three-year course of general education which would fit them for entry 
to certain sections of local industry, for example as apprentice dra~htsmen, 
craft apprentices, and for work in the metallurgical laboratories. (26 This 
technical school remained into the 1950s a major source of ~cruits for skilled 
(25) ANON., loc.cit. 
(26) LEDGARD, A.T., personal communication, 1978. 
~:r .. A.T. Ledgard 1o1as a pupil at the school in the early '1 930s 
and went ~n to become a senior manager in the local ir~n-and­
steel industi7. 
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work in the local industries. A source of general discontent with such schools 
was the fact that whereas the grammar-school pupils were selected at the age of 
eleven, students for the technical schools were commonly not chosen until they 
were two years older, so that inevitably the grammar schools had first pick. 
In i'Iiddlesbrough the age of entry to the technical school was to be lowered 
in 1953 to eleven years, entailing a five-year course in place of the three-year 
one. (27 ) 
In the early 1920s when the governing council for the new Constantine 
College was first convened, local employers in the iron-and-steel industry 
were well represented. Soon after this there was mention that 'at least 
one large concern' in the district was running 'its own classes in mechanical 
and constructional engineering, metallurgy and metallography', (28 ) but 
further information relating to the efforts of industrialists at that period is 
not readily available. '.i'he continued trade depression and the lack of 
facilities at the high school were probably jointly responsible for the report 
in 1928 that the metallurgy course offered there was 'of low standard and 
maintained only with difficulty'. (29) 
Five local sources connected with the iron industry in 1916 made payments 
towards equipping the proposed college, that from Sir B. Samuelson & Co.Ltd. 
heading the list at £5000. By the time the new college was built, close to 
£20 000 had been raised by subscriptions. Of the total equipment costs of 
£33 000, the 'department of metallurgy and pure science' took £9750, ·~le that 
of engineering accounted for £10 800. At the college's official opening, some 
twenty years after such a development had first been seriously mooted, it was 
gloomily reported that(30) 
'unfortunately several of the firms who promised large 
subscriptions but have not paid them have intimated that owing 
to the depression in trade they are not able at ?resent to 
carry out their promises 1 • 
(27) LILLIE, ';iilliam, The rlistory of ~·Iiddlesbrough • • • • 
(Middlesbrough: County Eorough Council, 1968), 4~6. 
(28) LEONARD, J.W., on,cit., 46. 
(29) DRURY, J.H., op.cit., 110-111; quoting from ~hddlesbrough 3ducation 
Committee minutes of 1 927-28 recording ~i. 3d ward's 
report of 1 Mar. 1928. 
(30) AlifOU., loc.cit. 
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Conspicuous among the defaulters was the long-established company of Bolckow 
Vaughan. In the 1850s and 1860s this had been recognised as the foremost 
member of the great Cleveland iron trade, and around 1880 it had pioneered the 
production of 'basic' steel. However, as a result of financial difficulties 
in the 1920s it was forced by its bankers into a merger in 1929 with its former 
chief rival, Dorman Long & Co. 
In September 1929 when the new college building opened, more than 1200 
students were enrolled for classes, the overwhelming preponderance being for 
evening studies only. Ten years later there were 2300 students attending, 
while after the war years of 1939-45 the numbers rose further, to exceed 4000 
in 1950. A major problem for the college during the first two decades of its 
existence was the paucity of day-time students. For il".s tance in 1930-31 the 
proportion of day- and part-time students was only 7.3 per cent, or 1 in 14 of 
the total; by the late 1940s this proportion had risen to more than one third. (31 ) 
In drawing up plans for the proposed technical college in 1924 the 
director of education in }liddlesbrough determined that its most important sectors 
should be metallurgy and mechanical engineering and that, following from this, 
the principal should be 'well qualified in metallurgical science' while the 
next member of staff in order of seniority should be the head of mechanical 
engineering. Tne college's first principal was Dr. D.H. Ingall, D.Sc., who 
came to l-1iddlesbrough "in 1928 from liednesbury County Technical College where 
he had been principal and head of the metallurgy department and had held office 
as president of the Staffordshire Iron and Steel Institute. For the post, 
which carried a salary of £900 rising to £1200, there were 47 applicants, a short 
list of five names being submitted for comments to three established academic 
metallurgists, Professors C.E. Desch of Sheffield, C.A. Edwards in Swansea, 
and H.C .H. Carpenter of the Royal School of ~hnes in London. Soon afterwards 
a 'head of metallurgy', Z·Ir. C. Groves, '.vas afpointed at £500-i:600; he came from 
a lectureship at Bradford Technical College. 32 ) However, after little more 
than two years in Hiddlesbrough, Dr. Ingall left for other wor~c as assistant 
director and research manager of the :Sri tish Non-Ferrous :-~etals Research 
issociation;( 33 ) a year or two later again, he became principal of the 
( 31 ) LEONARD, J. ~i. ' 0)2.cit., 185. 
(32) wO NARD, J'. ~.1. , ou.cit., 50. 
•• .-.-y \ \ ):) / ~'Iining Magazine (London), vol.43 (;;;ep. 1 930), 130. 
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Borough Polytechnic in South London. In 1931 a new principal for the 
Constantine Technical College began work: like his predecessor, Dr. T .J. Hurray 
possessed experience in metallurgy and he came to Middleabrough from a colla~ 
principalship in the Hidlands, this time the Smethwick Nunicipal College. (34 
He also was faced with difficulties of financial stringency, an unbalanced 
attendance schedule between day and evening work, and insufficient student 
enrolments in some subjects for classes to be run. 
Whatever the reasons for the first principal's rapid move away from 
::.Iiddlesbrough, there is no doubt that the opening of the Constantine Technical 
College was hailed by the Board of Education as one of the greatest contemporary 
national achievements in the field of technical instruction. Surveying the 
facilities available for such instruction in metallurgy, a Board of Education 
report published in 1931 noted that(35) 
'the most complete provision of modern accommodation and equipment 
is at Middlesbrough and Wednesbury. Both these schools possess 
specially designed and well-equipped laboratories for the study 
of modern metallurgical processes and problems.' 
The report also found that, for the metallurgical areas of Yorkshire and 
Lincolnshire, 'opportunities for work of the highest standard' were provided 
at two places, the applied science department of the University of Sheffield 
and the Constantine Technical College in Middlesbrough. Lincolnshire 
ironmasters, incidentally, were willing to offer a scholarship of £100 tenable at 
Sheffield. (36 ) 
In spite of the well-equipped metallurgical laboratories, there is no 
evidence of any great upsurge of students anxious to take advantage of them. 
Closely following similar courses in Sheffield and Scotland, in 1931 practical 
classes for operatives 'were organised in iron and steel, and in rolling'. (3?) 
An operatives' course in foundr,r~ork was supplemented by practical experience in 
foundries 'placed at the disposal of the college by inter~sted employers'. (3a) 
(34) LEONARD, .J.\·1., op.cit., 57. 
(35) BOARD OF 
in technical schools and 
HNSO, 1931 , 20, 22-23. 
educational pamphlets, no.o5). 
(36) 
(37) 
BOA..'ID OF E:DUCA·:riON, loc. cit. 
HUSGRA VE, P .If. , I'echnical change 
(38) BOA...'ill OF EDUCATION, ou.cit., 25. 
... , op.cit., 160-161. 
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One of the chief foundries in the district was Cochrane' a, and in 1 91 6 
A.O. Cochrane had been a subscriber of £500 to the funds for develo~ent of 
local technical instruction. A two-year full-time course in foundry technology 
was started in 1930 as the first of ita kind in the country, (39 ) but it seems 
to have been an early casualty. Soon a committee of the college's governing 
council agreed that steps should be taken to make the course known nationally, 
aDd a year or two later the principal promised that efforts would be I:lB.de to 
revive the class • Later in the 1930s, however, in two successive years 
individual students at the college were awarded silver medals presented by the 
Institute of British Foundrymen, and on one occasion a student gained first 
place nationally in the City and Guilds' patternmaking examinations. (4o) 
A proposal of the early 1930s was that an approach should be made to the 
University of Durham to recognise the metallurgy courses in Eiddlesbrough for 
the award of its degrees, but nothing came of it; such an arrangement would 
have been similar to ones made between the university and the Sunderland 
Technical College. On the other hand, representatives of the University of 
London visited the Constantine Technical College and gave approval for training 
students for degrees in engineering, chemistry, and metallurgy. (41 ) Thus the 
college Prosnectus for 1933-34 was able to advertise full-time courses in 
preparation for the London B.Sc. degree in metallurgy. Over the years, it was 
the occasional strongly-motivated individual who took advantage of the tuition 
offered for this goal. As far as the classes leading to the City and Guilds' 
qualifications in the subject were concerned, in at least one year, 1937, there 
were no entries from Middlesbrough: nationally there were only 110 candidates, 
of whom two came from Newcastle and three from Consett. (42 ) During the 1930s 
the principal ·daB a member of the City and Guilds' general advisory council for 
metallurgical subjects, while in 1945 the head of the college's metallurgy and 
science department took part in discussions with the same body. 'rhroughout 
negotiations in the 1940s for the introduction of national certificate schemes 
in metallurgy, the principal represented the Northern Counties Technical 
~xaminations Council~ (43) 
(39) DRURY, J.H., on.cit., 113 fn; quoting Special Supplement to the 
Tees-aide Chamber of Commerce l<lonthly Jrnl., (July 1930), 13. 
(40) LEOi'l'ARD, J. :-[., on.cit., 56; 58; 65. 
(41) LEOi:I.A.RD, .,. - r 
..J • II • ' 1 . + ... OC.CJ.vo 
( 42) DUNNING, J.' on.cit., 23. 
(43) Dt.niNING, J.' oe.ci t.' J; 167-8; 58. 
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For students of engineering, in Aiddlesbrough in 1938 day-time courses 
for both ordinary and higher national diplomas were started, and it was said 
that two firms, Dorman Long and Smith's Dock Co., afforded generous support for 
them. These were three-year sandwich courses, Dorman Long being prepared to 
release up to eight apprentices each year on full wages to study for six months. 
By 1947 the sandwich courses in engineering offered at the Constantine 
Technical College were being supported by ten companies, among them two more in 
the iron-and-steel industry, the Cargo Fleet Iron Co. Ltd. and the Skinningrove 
Iron Co. Ltd. (44) For metallurgy, alas, there was nothing comparable, for the 
corresponding national certificates and diplomas did not come into being until 
the last five years before 1950. It seems likely that, in the l-Iiddlesbrough 
district, many who could have studied metallurgy appropriately were obliged 
to turn instead to either engineering or chemistry because the opportunities 
for courses in these subjects were greater. Thus, by its inability to offer 
nationally-recognised courses other than those leading to the City and Guilds' 
qualifications, the technical college's department of 'metallurgy and science' 
was bound to lose ground in metallurgy relative to other subjects. ;rhere were, 
it is true, metallurgical 'endorsements' available for higher-national 
certificates in engineering, but these were begging the question. 
In some other parts of Britain the first ordinary-national certificates 
(ONCs) in metallur~J, based on part-time and evening study, were awarded in 
1946; in Cleveland, however, the first final ONC examinations were held only 
in 1949, when a single candidate was successful, compared with the national 
total of 107. In the years between 1950 and 1954, Middlesbrough produced an 
average of six ONCs a year compared with 181 nationally, or 3.3 per cent. of 
the total. ihe corresponding examinations for the higher-national certificate 
(IDfC) in metallurgy first took place locally in 1948 when six students -..rere 
successful out of the country-•.ride figure of twenty-two, but in the five years 
from 1950 to 1954 the local numbers averaged only two-and-a-half a year out of 
the national total of 95 9 equivalent to 2.5 per cent. (45 ) 
During the more affluent years of the 1960s it nas to prove possible at 
the C.:>nstantine College to run full-timeidiploma courses in metallurgy, and the 
nctbona.l 
( 44) L30NARD, J • .i. , on. cit., 62; 65; 76. 
(45) mmND1G, J., ou.cit., 11G; 213. 
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college governors were to approve the establishment of a separate department 
devoted to the subject. For several years the chairman of the governors was 
to be the general manager of the local steel company Dorman Long. zi.s a result 
of the policy of the local education authority there was also to come about a 
system whereby, together with that in other subjects, formal metallurgical 
instruction at the lower levels was to be made available in a number of 'feeder' 
technical colleges in the district. In the same period of optimistic 
expansion, around 1960 Hiddlesbrough's junior technical school was to be 
discontinued, with some elements from it incorporated in a new Brackenhoe 
county secondary school for boys situated on the southern outskirts of the 
town. (46 ) 
In the two decades immediately before 1950 during which the Constantine 
'.Cechnical College was open as the district's centre for technical instruction, 
the discipline of 'metallurgy' within the college was bracketed in a single 
department with 'science'. In view of the relatively small numbers of students 
gaining metallurgical qualifications, such a joint approach would seem to have 
been justified. 
~nere appears to be little doubt that the development of facilities for 
formal technical instruction in the district was impeded, over the years, by the 
divided loyalties of the various communities affected by it. Besides. the 
county borough of Middlesbrough itself, lying north of the river within County 
Durham was the neighbour.ing town of Stockton, and on the southern side close to 
ihddlesbrougb., parts of Cleveland such as Eaton, South Bank and Redcar, •tfhich 
were contained within the I:Iorth Riding of Yorkshire. It is suggested this 
split allegiance, with themutual jealousies it generated, was a major factor 
which hampered progress in local technical education as a whole. 
hiddlesbrough has been commonly cited as an example of a town 11hich came 
into existence in Victorian times. In 1851 the population was just under 8000; 
twenty years later it had grown to 40 000 9 and at the opening of the ~~entieth 
(46) LILLIE, ·d., loc.cit. 
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century it was 100 000. In 1950 l•Iiddlesbrough's population was nearly 
150 000, while the district for which the Constantine College served as the 
major source of formal technical instruction contained some 300 000 peopleo (47 ) 
These figures are small ~y comparison with Newcastle-upon-'l'yne 's 300 000 for 
the city alone, Sheffield's and Leeds's halt a million each, and Birmingham's 
population of more than one million. Hiddlesbrough's small size was another 
factor which mitigated against the development of facilities for technical 
instruction. 
However, from 1850 the town and its surroundings possessed metallurgical 
industry, and in subsequent decades this industry was on large scale and of 
considerable national importance in terms of outputs of iron and steel. In 
the district during the first half of the present century there was also a 
growing chemical industry. In view of this extensive metallurgical activity 
the small demand for classes in metallurgy points to the conclusion that those 
in positions of responsibility in the local industry were not greatly interested 
in formal metallurgical tuition and certain did not value it highly. 
(47 ) NORTE, G.A., l:eesside'3 economic !leritage. 
(:'~iddlesbrou.gh: Cleveland County Council, 1975), 150; 153; 171. 
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CIU:P·:rER 12 
A CO:rf.il3IUATION 0~' ECONOMIC AND SOCIAL FACTOR;:) 
·:rhis thesis is concerned with the century 1851 - 1950. At 
the opening of the period 'metallurgy' was already well estab-
lished as a branch of technology. According to the Oxford Eng-
lish Dictionary, in 1704 metallurgy was described in a textbook 
as 'The working or operation upon metals, in order to render them 
most fine( hard, bright, beautiful, serviceable, or useful to 
mankind'. l) However, in 1861 a somewhat different definition 
was published: 'the art of extracting metals from their ores 
and adapting them to various purposes of manufacture'. ( 2 ) ·rhis 
nineteenth-century view of the subject was the one which predom-
inated in British metallurgical instruction until 1901, after 
which there occurred a gradual shift back towards concordance 
with the eighteenth-century definition. In any event, in 1851 
it could be stated, with truth, that 'in Great Britain the pract-
ice of metallurgy has attained an unparalleled degree of develo~­
ment •.. (despite) the absence of public instruction in (it).(3 
In the decades following 1851 the scale on which metallurgy 
was practised grew exponentially as greater quantities of metals 
with an ever-widening range of characteristics were brought into 
use to improve the material well being of mankind. rhroughout 
the hundred years, the extraction of metals from their ores and 
the provision of metallic objects possessing properties suited to 
their purpose was thu.s a fundamental activity in furthering 
( l) JENKIN, J. W. , 'A metallurgist has a few words' . ~.~etallurg-
( 2) 
ist hlaterials ?echnologist, vol.7 (Jan.l975), 43. 
PERCY, John, 
( i.ondon: 
?iietallurgy . . . f.uel, fire-clays, copper . . . . 
John il~urray, lcol), 1. 
(3) PERCY, John, 'On the i.::npor"tance of special scientific know-
ledge to "the prac"tical me~all~r£ist ... '. 
3.ecords School of ~.Iine s \ ,}eol. Sw..-·yey Grea ~ 3ri ~a in) , 
~r o 1.. l \ l:.: ~ d .: , 13 · 7 . 
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'civilisation' as it was understood by 
ial share of the world's metallurgical 
Britain or in the British Empire. AS 
'the west'. . .r>. subs-cant-
v10rk was done either within 
far as the production of 
non-ferrous metals such as copper, zinc and gold was concern~d, 
by the year 1901 deposits in overseas territories had acquired 
greater importance than those a-c home, although financial control 
of much of the exploitation rested in London . 
.rhe growing demand for metallic materials capable of fulfill-
ing new functions, coupled with the application to metal process-
ing of novel techniques such as elec-crolysis and extrusion, led 
to considerable expansion in the breadth of knowledge that was 
available on the subject. Particularly during the second half 
of the period under consideration, that is from 1901 to 1950, 
researches revealed the detailed properties and structures of a 
wide variety of alloys, and brought understanding of the funda-
mental causes of the phenomena. Such observations, allied with 
postulations made to explain the observations, were being vigor-
ously pursued when the period ended in 1950. 
On the face of it, 'metallurgy' would appear to have been 
strategically placed during the whole hundred years, closely 
associated with technological progress involving mechanical, 
electrical, and structural engineering. Metallurgical instruc-
tion likewise might be expected to have shown striking develop-
ment and to have commanded a key position in technological educ-
ation. The reality, however, was very different, with metallurgy 
classes treated as the poor relation and offshoot of those in 
other disciplines, notably chemistry and mechanical engineering. 
Ail interesting and basic question, then, is why metallurgical 
instruction fared comparatively badly for at least four fifths 
of the hundred years? It is true that the opportunities 
available for formal instruction in the subject increased 
as the century progressed, but they did so to nothing like the 
same extent as in other subjects. University departments of 
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chemistry and engineering proliferated much more than those in 
metallurgy; national certificate schemes in the two former 
subjects were offered soon after 1920 whereas that for m~t~llurgy 
did not materialise until a quarter of a century later. ·rhere 
appear to have been many causes contributing to this relatively 
poor performance of metallurgical instruction. 
The motive for the 1851 opening of the Government School of 
Mines in London with its significant metallurgy section was the 
desire of some influential people to improve the economic position 
of Britain and the Empire. The harnessing of natural resources 
through the media of agriculture and mining with metallurgy was 
seen as fundamental to achieving the desired improvements. 
'Schools of mines• were considered suitable practical vehicles 
by which encouragement might be given to appropriate technologies. 
The London school had as its predecessors institutions established 
more than fifty years earlier in Faris, at Schemnitz in Hungary, 
Freiburg in Saxony, and St.Petersburg in Russia. The fashion 
for schools of mines was to be continued, for instance in the 
USA, with the starting of Columbia C allege School of ltiines in 
New York in 1864,( 4) the Missouri School of Mines situated in 
Rolla a few years later, and the New Mexico School of Mines at 
Socorro in 1889. In the USA, State-sponsored agricultural and 
mining colleges were a feature of the last four decades of the 
nineteenth century, and by 1893 a dozen institutions offered 
instruction in metallurgy.( 5) In the British Empire schools 
of mines were founded in Australia, at Ballarat in 1871 and at 
Bendigo two years later,( 6) in New Zealand at Otago Universit) 
in 1879, and in South Africa around the turn of the century.(? 
( 4) 
( 5) 
:BOSHKOV, Stefan, 11Iineral industry education in the United 
States. Henry Krumb School of hiines'. 
£~lining Congress J rnl. , vo1. 64, no .11 ( ~·1 ov .1978) , 4 3. 
aiTON. , 1 ?.lining schools ot.' .;he United States 1 • In ROTHWELL, 
d.P. ( ed.), ·:rhe mineral industr' its .statis--cics technolog' 
and trade for l 93, vo • · OI annual series, JJew Iork: 
dcientiiic ?ubl.Co., 1894), 820-821. 
( 6) WOru1ER, Howard K., 'I•letallurgy in Australia'. 
iJ:he ~letallurgist, vol.l, no.l (Jan.l960), 42. 
( 7) jn:..soN , A.. J. , ' '.I~ he "drsaming spires" 
0 t · 1 ~o 1 r - - ~~a, \ 1J JJ:na, vo .J , no. ,Ju..Ly .l.j .... J, 
., , • I 
o.r :n.~:::ung • 
-7 -3 j,-) • 
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·,;ii thin Britain, the civic universities that came into being in 
the years around the end of the nineteenth century were aware of 
the established pattern and, at any rate in some instances, fol-
lowed it. .rhe University of Birmingham, chartered in 1900, 
included departments of metallurgy and mining influenced by 
North-American practice, the newly-appointed professors of the 
two subjects being sent on fact-finding tours of academic depart-
ments in the USA; already there was fifteen years' experience of 
teaching metallurgy at two centres in the city, Mason's College 
and the Birmingham and Midland Institute. 
·.rhere was, then, during the nineteenth century a tradition for 
the inclusion of metallurgy in any teaching institution set up 
to promote industries based upon mining and agriculture. This 
might be deemed a favourable influence, but in practice a number 
of circumstances affected the outcome adversely. In the first 
place, a fundamental requirement for successful metallurgical 
instruction was a supply of students, and this was not necessar-
ily forthcoming. Secondly, the existence of informed metallurg-
ical activity within the institution or its neighbourhood was 
desirable. In Sheffield, for instance, such activity was 
present, as it was in the Birmingham area, but close to some 
other academic centres it was less strongly pursued industrially 
while within the institutions themselves the flame was weak. 
Moreover, while it was likely that metallurgical activity would 
exist near metalliferous mines, such as those of the Erzebirge 
of Europe or the State of Missouri in the USA, it did not follow 
that metallurgists would be found in association with coal mines, 
although it is true that Bri~ish iron smelters were located near 
coal deposits and in South Wales coal made Swansea a leading 
metallurgical town. 
Another factor handicapping British institutions which tried 
to emulate the Continental model of mining schools was that 
whereas in the latter, because the related mineral industries 
were State run, students were readily admi~ted to smelting works 
to gain first-hand practical experience, in this country 
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the position was totally different so that students experienced 
difficulty and hostility. Metallurgical tuition conducted in 
a mining school, with its close relationship with mining, was 
not always the most appropriate arrangement for promoting those 
portions of the subject intimately bound up with engineering, 
such as the mechanical properties and behaviour of various 
alloys. altogether, for several reasons the 'school of mines' 
model was not necessarily well suited to the circumstances pre= 
vailing in Britain at any time after 1851. 
The wealth of the country was derived from manufacturing 
trade goods of all kinds rather than from producing bulk metals, 
and greater investment in instruction aimed at fostering such 
manufactures would have been likely to pay national dividends. 
An attempt in -this direction had been made with the schools of 
design started at Government expense under the initiative of the 
Committee of Trade in the years around 1840, and in the early 
1850s in Newcastle-upon-Tyne a plan was published for a great 
'mining and manufacturing college' to be based in the town, but 
little came of these endeavours. The many supporters of Free 
Trade regarded with abhorrence the idea that public funds should 
be used to subsidise individual manufacturers by contributing to 
the trade training of employees. Consequently all technical 
instruction provided at public expense had to be careful to 
emphasise general principles and the 'scientific' bases of 
processes and to avoid being too specific on certain points of 
detail. It was this awareness of the need to design courses 
that would be least likely to cause political offence which 
~esulted in critical charges being levelled at the Science and 
Art Department that its ins~ruction was too theoretical and 
academic, too divorced from reality. However, perusal of the 
1886 metallurgy syllabuses, especially the one for practical 
metallurgy,( 8) conveys the impression that, on paper at least, 
they provided a comprehensive and valuable insight into metal-
lurgy; the same syllabuses would still have been appropriate 
( 8) SCIENCE AN:U ART D.EF.A.RTiii.ENt, Prospectus of Sir J oseuh 
Vi hi tworth' s scholarships . • . Regula ~ions • . . with 
syllabus of sub jec ~s. (:-uilciO, lb86) , 59-72. 
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in 1950, although at this later date supplementation would have 
been necessary to take account of the substantial advances in 
knowledge made during the first half of the present century. 
In practice, difficulty may have been experienced in obtaining 
adequate teaching and facilities to translate the printed sylla-
buses into a useful and comprehensible course of instruction. 
Besides the Government's Science and Art Department, the 
local mechanics' institutes and literary and philosophical soc-
ieties were likewise chary of supporting trade instruction, and 
it was left to other agencies, especially the City and Guilds of 
London Institute a~ter 1880, to supply a system of encouragement 
more within the grasp of ordinary industrial employees. City 
and Guilds' classes and examinations in aspects of metallurgy 
were available from the 1880s, but the numbers participating were 
no·t large, and from the 1920s the courses suffered active dis-
couragement from the Board of Education which sought to drive 
local authorities to provide alternative equivalent technical 
tuition. Particularly during the nineteenth century, but contin-
uing to some extent until at least the 1930s, apprenticeship and 
pupillage were important means by which technological training 
might be obtained; unlike the methods of formal tuition, these 
were thoroughly acceptable to industrial employers. During the 
second half of the nineteenth century and extending through much 
of the first half of the present century, instruction concerned 
with •manufacturing' in general seems to have received markedly 
less support than that for certain other branches of endeavour 
such as mining, civil engineering, and the traditional profess-
ions. 
A circumstance which in the long term acted against the oper-
ation of viable metallurgy classes in certain districts was the 
close association between 'metallurgy' and 'chemistry'. There 
were several causes for this close relationship, which in 1851 
could be fairly justified by the preponderance of chemical 
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features in what was then known as •metallurgy'. In the second 
half of the preceding century .Dr ... -tichard Watson, the chemistry 
professor at Cambridge, had contributed to lead and zinc smelt= 
ing, and lectures on metallurgy had been included in the courses 
of several of his successors as well as in those of chemistry 
professors in the Scottish universities. In the early part of 
the nineteenth century chemistry lecturers at medical schools 
and other academic institutions commonly embraced •metallurgy' 
within their fields of expertise. When, in 1851, the Government 
School of Mines opened in London, the man appointed 'lecturer on 
metallurgy' was Dr.John Percy, who had trained in medicine, and 
it is likely his training included some chemistry: almost 
certainly it contained more chemistry than mechanics and engin-
eering. Thus, at the School of Mines, •metallurgy' was largely 
an extension of aspects of chemistry, and metallurgical instruc-
tion was seen as similar to that in chemistry, but requiring 
somewhat more equipment in the laboratory, in particular a 
furnace. 
Percy's view of metallurgy, and he was undoubtedly an ardent 
proponent of the subject, was spread in two ways: by past 
students of the School of Mines; and through the Science and 
Art Department's national classes and examinations, which from 
1862 offered a course and qualifying examination in 'theoretical 
metallurgy' • By the time a practical syllabus was offered as 
well, in 1882, Percy had retired. In due time several of 
Percy's disciples became, in their turn, academic teachers of 
metallurgy: A.K.Huntington at King's College London, and 
W.H.Greenwood at Sheffield rechnical School; while two of them, 
W.C.B.oberts-Austen and William Gowland, were to succeed Percy 
at the Royal School of Mines. Greenwood, ~oberts-Austen and 
Gowland all had acquired considerable industrial experience of 
metallurgy before they took up academic positions. It is 
intriguing to speculate what difference there might have been 
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in the standing and quantity of metallurgy classes during the 
present century had a different man been appointed to the post 
of lecturer on metallurgy at the School of Mines in 1851, a 
person with an outlook biassed towards engineering: we can 
never know. What is certain is that the Science and Art Depart-
ment's nation-wide syllabuses in metallurgy reflected the School 
of Mines' view. During the 1880s appreciable changes to the 
syllabuses took place, presumably at the instigation of Robarts-
Austen. Before then the numbers attempting the examinations in 
theoretical metallurgZ were relatively small, rarely exceeding 
three hundred a year. 9) 
One of the difficulties in providing ade~uate instruction in 
any technological, or 'applied' subject such as metallurgy was, 
as indeed it remains, the fact that a major proportion of commer-
cial operations involving the technology were performed on a 
large scale, and often only at a considerable distance from the 
teaching site. rhere were several ways in which the disadvant-
ages arising from this circumstance could be mitigated, but all 
added to the expense of supplying tuition; they underline the 
fact that satisfactory metallurgical instruction was comparatively 
costly and required considerable facilities. For instance, in 
the 1880s, during the first ten years that W.C.Roberts-Austen 
was professor of metallurgy at the Royal School of Mines, the 
amount of equipment available at the school for demonstrating 
things such as the mechanical treatm~nt and properties of metals 
was totally inadequate. The same was true in Sheffield when 
J.O.Arnold was appointed professor of metallurgy at the Technical 
School in 1889. fhese two schools in London and Sheffield were 
the cuief centres at the time, and elsewhere the instructional 
equipment available was commonly very poor so that evening-class 
students entering for the metallurgy examinations of the 
(9) MUSGRAVE, P.W., 
and Art, 1870-1900 • . 
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Science and Art Department or the City and Guilds' Institute were 
likely to be handicapped. For instance, in the iron-and-steel 
town of Middlesbrough successive 2.JJI's reports during the first 
three decades of the present century made adverse comments about 
the lack of equipment. The difficulty of providing suitable 
equipment was recognised, and in the nineteenth century the 
Science and Art Depar~ment offered to supply local teaching 
centres with drawings of furnaces which it claimed could be 
simply built and would be found serviceable. 
The various shortcomings in academic tuition were acknowledged 
throughout the period 1851 - 1950, and various steps were taken 
to overcome their effects. For instance, the students under-
going instruction might be taken on works' visits as part of the 
course. J~his idea was put into practice by Percy with the 
advanced class of artillery officers at Woolwich in the 1870s 
and extended by him to the Royal School of Mines' course. 
Percy's successor, Robarts-Austen, in his introductory lecture 
for the session 1880-81, said that he hoped it would be possible 
to arrange for such systematic visits. He observed that he had 
'already received courteous promises of aid from several owners, 
and the wide distribution of our own men throughout the country 
will doubtless help to render this easy.'(lO) Again, students 
might be required to spend some time in works in order to gain 
experience, as was the custom in the Continental mining schools. 
At the 3oyal School of Mines in the 1920s students were 'strongly 
advised to spend the lonr vacation in gaining experience in 
metallurgical works' ,(ll and later a total of twelve weeks of 
such experience was needed to qualify for the Associateship. 
(10) ROBERTS-AUSTEN, W.C., 'Metallurgy in its relations to 
chemical science' (introductory lecture to metallurgy 
course, Royal School of Mines, 1880-81). In SMITH, 3.W., 
Robarts-Austen, a record of his work, (London: Griffin 1 
1914) ' 90. (11) CARPENTER, H.C.H., 'cietallurgical education of university 
rank in Great Britain' • ?roc. ( lst) Empire Iviining 
Metallurgical Con ress uart 5 .•• , 
.London: Ins ~n.lvlining 1\iletallurgy, 1925) , 50. 
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Half way through the present century the professor of metallurgy 
at the University College of Cardiff, Professor N • .rt.D.Jones, 
was able to claim: 'There is no difficulty in getting vocat-
ional training in the works for undergraduates and many works 
provide a systematic training ••• which is of inestimable bene-
fit not merely to the undergraduate but to the future welfare of 
industry.' Professor JQnes went on to observe that, over a 
number of years, 'the attitude of industry to the university-
trained graduate has changed completely from downright antag-
onism to whole-hearted co-operation' • ( 12 ) ·.rhe problems 
inherent in obtaining the co-operation of industry are illus-
trated by the fact that, while in the 1890s J.O.Arnold of 
Sheffield was given access to the steelworks in the district, 
his terms of employment forbade his publishing a book.(l3) 
A third way in which teaching might be aided was by diagrams, 
models, and similar visual illustrations of works' practice and 
environments, together with three-dimensional specimens. 
Dr.Percy amassed a large collection of such specimens which 
after his retirement was sold to the Science liiuseum. in London, ( 14 ) 
but materials of these kinds required time, money, and contacts 
to acquire, and space to retain. 
In view of these considerations, let alone others, it can be 
imagined that the standard of teaching in many of the smaller, 
less-advanced evening classes was scarcely adequate. It was 
probably given by a poorly-informed chemistry teacher or by a 
part-timer drawn from a local works. However, it is likely 
the students in such situations would be able to use their own 
industrial knowledge to help counteract the serious disadvant-
ages posed by the poor teaching. 
(12) JONES, W.R.D., 'Presidential address (::3.','/.) 1 • 
frans.Instn.Mining Engrs., vol.ll3 (1953-54), 748. 
( 13) 
( 14) 
MUSG.iU.VE, P.W., 'Constant factors in the demand for tech-
nical education, 1860 - 1960'. 3rit.Jrnl.Ednl.Studies, 
vol.l4, no.2 (::iiay 1966), 135. 
C~CKETT, Susan, 'The Percy collection- a uni~ue view of 
metallurgical evolution• . Metallurgist i ... aterials 
J:echnoloi2.:is-c, vol.ll, no.2 (.l!1 eb.l979), 79-cH. 
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If there were difficulties and s~ortcomings in providing 
satisfactory fonnal instruction in the subject, a convenience 
of placing metallurgy tuition within a chemistry department was 
that much of the practical laboratory exercises could be devoted 
to methods of chemical analysis. At their best, such analyti-
cal techniques could provide a valuable method for imparting a 
good deal of information and understanding of chemical metal-
lurgy principles. They could throw light, for example, on 
why some metals such as aluminium and zinc might be expected to 
be more difficult to extract from their ore minerals, and to 
require the input of more energy in the process, than others 
like copper and gold; similarly they could illustrate how the 
occurrence of harmful corrosion reactions in service might be 
minimised. However, advantage was not always taken of the 
pedagogical opportunities afforded, so that sometimes 'metal-
lurgical analysis' was presented as an art whose principles 
were completely divorced from practical large-scale industrial 
operations: this was the case even within the Royal School 
of Mines halfway through the present century.(l5) 
An advantage resulting from a detailed knowledge of tha 
recipes for chemical analysis coupled with practical manipul-
ative skill was that they had market value, being useful for 
determining the compositions of the various raw materials, 
intermediates, and final products of works. Because analytical 
skill had commercial value, and because the acquisition of 
such skill fitted conveniently into the chemical basis of the 
teaching and matched the equipment used for instruction, in a 
fair proportion of classes this aspect was taught at the expense 
of others. Professor J.O.Arnold's speciality in the Univer-
sity of Sheffield in the opening years of the present century 
was such metallurgical analysis. ne personally devised and 
(15) ALillOND, J.K.., personal experience, 1949-1352. 
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developed several techniques, and the analytical-chemistry lab-
oratories of Sheffield's applied science department could accomm-
odate more than a hundred students at once. Similarly at the 
Royal School of Mines Dr.Percy was known as a competent analyst, 
as was his assistant Richard Smith, and his students on qualify-
ing could be assumed to be proficient in this branch of skilled 
art. This would also be the case with pupils who underwent 
periods of four-years' training with professional analytical 
chemists such as William Baker .ARSM in Sheffield and J.E.Stead 
in Middlesbrough. In some quarters, though by no means all, 
this philosophy persisted, so that at the Royal School of f/Iines 
until after 1950 a substantial portion of the metallurgy course 
continued to be devoted to assaying and metallurgical analysis 
in the belief this would give the student something of value to 
potential employers. The thinking implicit in this century-
long style of instruction was that, once the qualified person 
had secured a job, it was up to him by his individual qualities 
to win the confidence of his employer and exploit the opportun-
ity to make sure he advanced in his career. 
There are many instances where metallurgical instruction was 
given in close association with a chemistry department; indeed, 
of ten or twelve major nineteenth-century academic institutions 
existing in England and Scotland in 1891, no less than five 
offered metallurgical teaching within departments of chemistry: 
Un~versity College Liverpool, Mason Science College Birmingham, 
Owen's College in Manchester~ Durham College of Science in 
Newcastle-upon-Tyne, and the Watt Institution in Edinburgh. 
In addition, in Nottingham at the opening of the University 
College in 1881, ?rank Clowes, the man appointed head of chem-
istry, held the title 'professor of chemistry and metallur~J'; 
in 1895 at the same college a lecturer on 'chemistry and metal-
lurgy'was added to the staff. Only in London, at King's 
College as well as the Royal School of ~lines, at the J::echnical 
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School in Sheffield, and in ~he £echnical College in Glasgow, 
four places in all, were 'professorships' in metallurgy estab-
lished before 1891, and three of these were founded in the 1880a 9 
already one third of the way through the period 1851 - 1950. 
A high proportion of college metallurgy courses made their 
appearance between 1882 and 1900. 
In the new century the linking of metallurgical tuition with 
chemistry departments continued. '.thus, at Woolwich Polytechnic 
there was a joint department until 1927, when metallurgy was 
dropped from the title. At Northampton Polytechnic Institute 
in London metallurgy was taught in the department of applied 
chemistry until after 1950: the subject was later to be trans-
ferred to the department of mechanical engineering. At the 
Chelsea Polytechnic a 'school of metallurgy ••• formed an 
important section of the department of chemistry for many years' 
until, in 1939, it was moved to Battersea Polytechnic 'owing to 
the increasing importance of a closer 
of metallurgy with engineering' .Cl6) 
Oxford, the single individual clearly 
in the 1930s and 1940s was Dr.William 
association of the study 
In the University of 
identified with metallurgy 
Hume-Rothery: he was 
accommodated within the chemistry department. 
J:lhese joint departments were products of expediency at a 
period when, judged by the standards of the 1960s and 1970s, 
numbers of full-time academic staff employed were meagre. At 
least until the 1920s, a high proportion of the full-time col-
lege staff teaching metallurgy had been trained at the Royal 
School of Mines and would therefore be imbued with the idea of 
metallurgy as an extension of chemistry, and there were 
undoubted conveniences in basing many of the practical metal-
lurgical exercises upon the equipmen~ available in a chemical 
laboratory. 
(16) QUINSEE, A., personal communication, 1977; quoting 
Annual Reuort for 1938-39 of Chelsea Polytechnic. 
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The close association between metallurgy and chemistry had 
adverse effects: the real shortcomings of the confined chap-
eroning of academic metallurgy by chemistry were that it prov-
ided no strong links with engineering, and in the eyes of 
potential employers it identified the graduate with chemistry. 
·rhus, the departmental comm.i ttee which investigated British 
trade and industry in the 1920s was evidently unaware of any 
worthwhile distinction existing between the two subjects. 
In the section of its reports which considered the facilities 
for training technical staff for the iron-and-steel industry 
it noted 'there are ••• courses in various branches of chemistry 
and metallurgy in all the principal universities ••• also tech-
nical schools ••• in which full-time day courses in chemistry 
••• are provided. These courses may or may not include iron 
and steel or metallurgy' • ·rhe committee was able to conclude 
its paragraph in a relieved way, however, by observing reass-
uringly that 'in any case ••• (these courses) provide a sound 
training in chemistry and allied subjects.'(l7) On the one 
hand those who had received metallurgical tuition were expected 
to perform the functions of chemists, and on the other it was 
common to find the works' chemist put in charge of 'metallurgy' 
even if he had had no relevant formal training. 
Like the subject of chemistry, the scope of engineering 
widened and grew considerably during the hundred-year period, 
and metals formed a vital part of the developments. In the 
years before 1900 Robarts-Austen and his small band of collab-
orators, in carrying out investigational work on alloys spon-
sored by the Institution of Mechanical Engineers, made a good 
start in fostering closer ties between engineering and metal-
lurgy, and during the first half of the twentieth century there 
came gradual recognition by engineers that metallurgy might be 
able to contribute answers to questions involving the mechanical 
( 17) COiilhii:rTEE ON I~IJUSTRY Al'TD TR...WE, ?actors in industrial 
and commercial efficienc bein nar~ one oi a s~re 
oi indus ~.ries • . . . (.1ondon: .HlilSO, 19' ) , · 01. 
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properties of materials. From time to time metallurgists were 
invited to give information to the Institutions of Civil and 
kechanical Engineers, and in 1908 engineers were prominent in 
the formation of the fnsti tute of l\Ietal:;~. Some engineers 
acknowledged the importance of metallurgy, as for instance 
Sir Henry Fowler, chief mechanical engineer of the London, 
Midland and Scottisn Railway Company, in his presiden-tial add-
ress to the Institution of Mechanical Engineers in 1927. Sir 
Henry suggested that much of his own appreciation of metallurgy 
might well have stemmed from the enthusiasm of the teacher of 
the subject he encountered in 1885-87 while pursuing the 
mechanical-engineering course at the l\l:ason College in Birming-
ham. ( 18 ) ·rhe teacher was ·..Chomas J:urner ARSM, who was appoin-
ted lecturer on metallurgy within the department of chemistry 
in 1886; after the tlason College had become the University of 
Birmingham., in 1902 he was appointed professor of metallurg-y. 
Sir Henry also observed that he had been im:pressed by the small 
amount of metallurgical knowledge shown by engineering graduates 
who came for their practical training to the works he controlled: 
he considered such knowledge essential for mechanical engineers, 
'who deal ... with metals, their properties, and the effect of 
heat and fluids on them'. ne stated that 'metals, and the 
physical state in which we are able to use them, dominate our 
work. Our whole profession is dependent on them, ... mechan-
ical engineering only commenced when metals became available 
for our use.' (l9) In the USA, twenty years later, one public-
ised opinion which it was claimed represented the consensus of 
engineers both in industry and in education was that 'all engin-
eers, particularly the mechanical, need a strong course in 
I 20\ 
metallurgy'.' 1 
( 18) ?OWLER, Sir Eenry, 'Address by the ~resident' . 
?roc.Instn.Mechanical Engrs., (1927), vol.2, 725. 
(19) FOWL.2R, :Sir Henry, ou.cit., 725, 726. 
( '20) A. G. , 'lYletall,ll'gy in -che mechanical engineering 
curriculum'. Jrnl.Engng.Edn., vol.39, no.5 (1948) 
288; q_uoting GAilliiJ.CH..d..E.u, C., 'The future of mech-
anical engineering education' Jrnl • .6ne-;ng. i;dn. , 
v-ol. 36 ( l945-46) , 55-65. 
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As a corollary of the increasing knowledge of metals' engin-
eering properties which took place more particularly after 1890, 
within the subject of metallurgy there wo.s a decline in the 
relative importance of metal production. ~onetheless, in 1924, 
of the ten British universiti~s which acce~ted metallurgy for 
the award of degrees (awards at Cambridge being confined to 
higher degrees obtainable by research) , seven considered the 
subject to lie within the fs.culty of science or applied science, 
while only two, London and .Liverpool, placed it within the 
engineering faculty; dheffield had an individual faculty of 
metallurgy.( 2l) ?or the first three ~uarters of the period 
1851 - 1950 the British academic world had little time or sym-
pathy for metallurgy, which was re5~rded as lacking the philo-
sophical discipline and challenge aff~ded by 'pure' physics and 
chemistry, in addition to being tainted by close industrial 
connotations. however, in the ~uarter century from 1926 to 
1950, with the development of experimental techni~ues such as 
x-ray diffraction, coupled with the advent of the electron 
microscope and stimulated by advances in theoretical understand-
ing, physicists were attracted to the problems posed by the 
structure of metals and alloys. I'hese physicists provided 
considerable help in determining ~he underlying factors which 
controlled metallic structures, but their influence within acad-
emic departments led to the promotion of theoretical advances 
at the expense of o~her facets, so that chemical, economic, and 
engineering features of the subject became subordinate, or even 
completely squeezed out from curricula. ·:rhe full effects of 
this influence were to become manifest in tl1e later 1950s vthen 
those who graduated from British me~allur6J courses knew a good 
deal about the theoretical structures of metals and alloys, but 
little about practical plant operations, economic considerations, 
and the commercial production of metals. Such a situation was 
certainly in accord with the long-cherisned 3ritish desire 
(21) C.AR:PENTER.H.C.H., OlJ.Cit., 48. 
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that 'education' should concentrate on general principles rather 
than attempt to have vocational value. rtowever, one univer-
sity teacher of long experience, speaking soon after 1950, 
stressed that metallurgy was 'primarily an industry•. He gave 
the timely warning that although the subject was aided by tech-
nology and science 'it is inadvisable to exaggerate the role of 
physics ... since in this way a part is inflated until it looks 
like the whole, and ends are lost sight of in the admiration of 
means.•( 22 ) 
Unfortunately, the job prospects of those who studied metal-
lurgy were not good: in the Royal School of Mines' opening 
years only a minority of students who took the metallurgy course 
found employment that was directly relevant with mDre, in the 
aggregate, going into non-metallurgical occupations such as 
dyeing and brewing. Doubtless the large majority of those who 
passed the Science and Art Department's examinations in metal-
lurgy in the years before around 1910 similarly derived little 
immediate financial benefit. Indeed, in some cases employers 
tried to prevent men from attending the courses. ·rhus there 
was small incentive for succeeding generations to become 'educ-
ated' in metallurgy, and the demand for suitable formal instruc-
tion remained at a low level until the short-lived post-war 
boom of 1919. 
It seems clear that the main cause of the pathetically-small 
growth in metallurgy instruction during the period 1851 - 1950 
was apathy, or even in some instances downright hostility, of 
potential employers. Several reasons can be adduced as contrib-
uting to their attitudes. The majority of proprietors of 
industrial works involving metallurgy were unwilling to recog-
nise the advantage of employing those who had received formal 
instruction. Not only did they fail to appreciate the positive 
attributes which such a person might bring to his work, but 
~any were suspicious of those who had undertaken 'book' learning 
( 22) ROBERTSON, J .ill. , In discussion of his paper, • Some 
metallurgical aspects of engineering' • 
Bull.Instn.11etallurgists, vol.3, no.2 (May 1951), 21. 
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outside their own working situation, and at the same time they 
were openly hostile to the idea of admitting such unknown quan-
tities inside their works, where trade secrets might be acquired 
for subsequent sale to rivals.C 23) 
Ehis almost complete lack of inducement for metallurgical 
instruction contrasts sharply with the situation in the mining 
industry where from 1873 Government legislation made 'certif-
icates of competency' a prerequisite for responsible employment 
in British coal pits. 'Nhatever the shortcomings of the certif-
ication system in its early years, the legislation produced on 
the part of both colliery proprietors and ambitious employees 
a marked desire for the provision of suitable instruction. 
As a result, by 1913 technical classes in subjects related to 
mining coal had become important at a number of centres in Brit-
ain. Moreover, after 1920 and the introduction of the miners' 
welfare scheme, coal-mining instruction at various levels 
received financial help from the compulsory levy on all coal 
produced. While the economic importance of the British coal 
industry was firmly recognised by all concerned,as was the 
social status of the colliery official, the situation was rad-
ically different in the branches of metallurgical industry, 
where works and working practices were largely unregulated and 
people with metallurgical training had no well-defined positions 
either technically or socially. rhus there was little encour-
agement, either from employers or from employees, for the 
provision of metallurgical instruction. ·:rhis conclusion, 
which is in general agreement with a view advanced in 1966 by 
P.W.Musgrave, contrasts markedly with a passage in the Crowther 
Report of 1959 which concluded on technical education that 
'virtually everything that exists •.. has co.:ne ... as the con-
scious answer to a demand arising from industry or from indiv-
ual workers' .C 24 ) 
( 23) MUSGRAVE, P.·N., op.cit., 
( 24) MUSGRAVE, ? . li. , op. cit., 177; quoting MINISTRY OF EDUC-
ATION: C~~TRAL ADVISORY COUNCIL FOR EDUCATION 
(ENGLAND), 15 to 18, (HMSO, 1959), 333. 
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True, the gradually-increasing complexity of certain pro-
cesses, such as steelmaking, combined with the need for prop-
rietors to improve the quality and reliability of their products 
tc remain competitive, led to some job opportunities for those 
able to carry out routine quality determinations by chemical 
analysis, and this was one of the main fields open to metallurg-
ical graduates for the first two thirds of the period 1851 -
1950. In this limited field it seems likely that a high pro-
portion of the tasks could be done just as well by trained 
analytical chemists as by metallurgists, so there would be 
direct competition between those who had pursued metallurgical 
training and those who had not specialised in that direction. 
For two thirds of the period or even longer, the view pre-
vailed among British industrial employers that college-trained 
men had nothing to offer, and consequently job prospects for 
them were bleak. 'l'he employment market for those with metal-
lurgical training was not helped by the poor economic climate 
which persisted in many sectors of the metal industries at 
various times, such as the last fifteen years of the nineteenth 
century and during the 1920s and early 1930so Moreover, a fair 
proportion of overall industrial activity was accounted for by 
the efforts of relatively-small organisations. Around 1910 
the influence of academic metallurgy departments situated in 
manufacturing districts, such as that of the University of 
Birmingham, began to make itself felt. It was a regrettable 
fact that, at any rate until that time, an academically-quali-
fied 'metallurgist' did have little to offer a po~ential 
employer as far as the working and manipulation of metals were 
concerned. J~his was because o::f the comparative neglect of 
such working processes by the nineteenth-century metallurgy 
syllabuses, a neglect stemming in part from the disin~erested­
ness of industrialists as well as from the overlap of this part 
of tha subject with 'angineering' , and from the need to ap::9ear 
to avoid impar-cing 'trade' ins-cruc~ion. 
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~fter 1920, although commercial job prospects within Britain 
remained adverse, the scope for metallurgical work widened some-
what. Employment opportunities for those with academic train-
ing in metallurgy increased as the Government-inspired- -
Department of Scientific and Industrial Research (DSIR) brought 
into being industrial research organisations. Additionally, 
the DSIR channelled public funds into the stimulation of rele-
vant research in academic departments; in this way small 
numbers of research students were supported during the thirty 
years from 1920, while at the same time the academic departments 
concerned were helped to remain open. Particularly during the 
1930s with the associated small ntoobers of undergraduates who 
came forward for training, this Governmental financial sup~ort 
was of substantial value. The DSIR itself was a product of 
the Great 'liar of 1914-18, and by -che advent of the Second 
World Jar of 1939-45 its policies were becoming accepted as 
yielding useful results. In the field of metallurgy during 
the last two decades of the period before 1950, ac-cive indus-
trial research associa-cions existed for the iron-and-steel 
industry, for ferrous fotmdry·.vork, ar,.d for non-ferroas me~als. 
~'lot only did these associations themselves provide some limited 
opportunities of livelihood for those wit!::.. me-callurgical train-
ing but by -cheir example -chey encouraged individual co.c:rpanies 
to employ similar people. .'in outstanding exarn:9le -vvas the 
United i3teel Comr:anies Ltd. , v1hich devoted ,~20 OCO a year to 
research. 
In the final decade before 1950 OpiJortu_Yli ties for tl1ose wi ta 
metallurgical training increased consicierabl,/, the main reason 
for this change of ~rospec-c being -che war. ?rimarily the war 
gave rise to demand for greatly-increaseci QUantities of netal 
produc-es of all kinds and hence €enerated the need for skilled 
people to produce them successful~y. Such strategic items as 
ships, tanks, aircraft, CO:rrilllw"lics:tions eej_ui:pw.ent, and ar:--.J.aiJ.ents 
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were all fundamentally metallic. Secondarily the war of 
1939-45 led to public reappraisal of the value of technology to 
the community, so that following it State funds were made avail-
able to enable greater numbers of students than formerly to 
attend academic courses. irom these causes the number of 
British me~allurgy graduates rose from less than twenty-five in 
1938 to more than 75 ten years later, and numbers wereto con-
tinue to rise to exceed 100 soon after 1950. .£he war also 
stimulated the development of •atomic' energy, and in the years 
after 1945 this market absorbed a considerable proportion of 
new metallurgical output from the universities. 
Despite the improved employment opportunities of the 1940s, 
however, until long after 1950 many of the immediate job pros-
pects for young metallurgical graduates were far from glamorous, 
with offers from British industry of mediocre pay and gloomy 
surroundings for performing tasks that lacked responsibility. 
Small wonder the 'brain drain' was to occur in the late 1950s 
Without doubt wars, and threats of wars, were a major influ-
ence on the development of British metallurgical instruction 
throughout the hundred years 1851 - 1950. Fear of wars led 
to public funds being made available to maintain national cap-
ability and to develop new and better materials and products 
such as metal-armoured ships, improved guns and projectiles, 
internal-combustion engines suitable for aircraft, and elec-
tronic materials to aid signalling: all of these involved 
metallurgical skill. Actual hostilities led to sharp increases 
in metal consumption. .£he major wars of 1914-18 and 1939-45 
also led to reassessments of the kind and scale of technolog-
ical training that was nationally desirable; the DSIR was an 
important product of the Great War while among ~he fruits of 
the Second ·,ciorld dar was the Barlow committee on scientific 
manpower which recommended dras~ic increases in university 
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places. One of the useful services performed by the DSIR was 
the preparation soon after 1940 of a report on metallurgical 
training. 
At the ends of both major conflicts large numbers of exser-
vicemen ameforward to undergo advanced levels of instruction. 
In 1945, as a result of national awareness of the strategic 
part played by technology in securing the desired outcome to 
the war then just ended, for a few years public funds for the 
encouragement of technology became available in abnormally-large 
quantities. 
By contrast with the beneficial effects upon metallurgical 
instruction of national military activities, the influences 
exerted by organised groups were not so clearly defined. It is 
true that a country-wide learned society for the iron-and-steel 
industry entitled the Iron and Steel Institute was founded as 
early as 1869, and continued in existence until after the end 
of the period under consideration. This bsdy certainly contrib-
uted to the advance of the subject of metallurgy but it did 
little directly to aid the status of those practising it. 
A significant proportion of the membership of the Iron and Steel 
Institute consisted of works' proprietors, and the discussion 
of all matters concerning employment was forbidden. Early in 
the present century the Iron and Steel Institute found itself 
administering funds for metallurgical research provided by the 
Scottish-American steel millionaire Andrew Carnegie. During 
the war of 1939-44, following the lead given by the DSIR, the 
Institute produced a report 'The training of metallurgists 
with special reference to the iron and steel industries' .( 25) 
After 1945 the institute also found itself involved in the 
organisation of a national certifica~e scheme in metallurgy, 
but it did not attempt to champion the cause of metallurgists. 
(25) IRON AND STEEL INSTITUTE COu~CIL, •·rhe training of metal-
lurgists with special reference to ~he iron and steel 
industries'. Jrnl.Iron Steel Inst., vol.l49 (1944), 
pt.l, 60lP-63lP. 
( 312 ) 
Eorty years after the founding of the Iron and Steel Instit-
ute there was created another national society, the Institute 
of Metals. ·This was concerned with non-ferrous metals and, by 
its situation within Britain, was therefore primarily devoted 
to the topics of metals' fabrication, working and, increasingly, 
with structure. Corrosion research also came under its aegis. 
Like the older national society, the Institute of Metals did 
much useful work in publishing technical infonnation relating 
to metals and in providing social opportunities for those 
involved in the metal industry to meet. Again, however, no 
business relating to employment was entertained. In the pro-
ceedings of both societies people engaged in engineering took 
substantial parts. 
Membership of the Iron and Steel Institute and the Institute 
of Metals was largely unrestricted, so to obtain a mark of 
professional ability those working within the metal industry 
had to turn elsewhere. ?or 95 years of the hundred-year period 
the available alternatives were the Institute of Chemistry and 
the Institution of Mechanical Engineers, for membership of both 
these bodies provided personal qualification. In the years 
around 1950, successful completion of the metallurgy course at 
the Royal School of Mines was granted partial exemption from 
the qualifying examinations of the Institute of Chemistry, an 
examination in organic chemistry being necessary to satisfy 
the conditions for membership. 
It is a sad measure of the relatively-small numbers of metal-
lurgically-trained people in Britain, and of their inconseq-
uential status within industry, that it was not until 1945 that 
an Institution of Metallurgists came into being: in marked 
contrast with the existing learned societies this had the 
objec~ of furthering the in~erests of those who tried to make 
livings as metallurgists. This it did by setting well-defined 
standards for membership. As a consequence, the Institution 
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of Metallurgists took an active and direct interest in metal-
lurgical education, participating in the national certificate 
scheme then being launched, and shortly afterNards setting up 
its own system of examinations for the various grades of member-
ship. It is worthy of note that this system was not confined 
to Britain, examination centres being extended to parts of the 
Empire such as India and Australia. A good deal of the inspir-
ation for the for.ma~ion of the Institution of Metallurgists 
seems to have come from members of the Birmingham Metallurgical 
Society. In view of the fact that the Institution of Metal-
lurgists did not materialise until the last few years of the 
period 1851- 1950 the influence that it could bring to bear 
by 1950 was limited, but nonetheless substantial: the inst-
itution suggested that those who practised metallurgy were 
worthy of professional identity in similar fashion to engineers, 
chemists, and lawyers, and it rapidly identified itself with 
standards in metallurgical instruction. 
It was not only organisations predominantly interested in 
metallurgy which exerted significant influence on the develop-
ment of instruction in the subject. Features of metal produc-
tion and properties were included in the deliberations of a 
number of other societies and reached wide availability through 
their prin~ed transactions or proceedings. rhe Institutions 
of Mechanical and Civil Engineers both furthered the spread of 
metallurgical understanding, as did the Society of Chemical 
Industry and the Faraday Society. Moreover, the Institution 
of Civil ~ngineers showed concern for engineering training, 
issuing several statements during the period under consider-
ation. In 1906 the repor~ of a joint commit~ee on engineer-
ing education and training initiated by the Civils recommended 
that, for a career in the higher levels of engineering, ~uition 
of five or six years was appro~riate for a person who left 
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school at seventeen; about one half of this time should be 
spent in formal academic studies and the o~her part in on-the-
job industrial training. ihe report also clearly identified 
one of the chief weaknesses of British technical training: 
this was the fact tha~ employers were generally unsympathetic 
and unhelpful.( 26 ) 
On a wider front, and aiming largely at those who were not 
born with the advantage of being able to undertake extended 
tuition before earning a livelihood, the ~ctivities of the City 
and Guilds of London Institute had notable impact in the years 
after 1880. The City and Guilds' system of technological exam-
inations encouraged the growth of evening ins~ruction and 
contributed to the development of local ~echnical colleges. 
Among the subjec~s in which examinations were offered was metal-
lurgy but, as with the Science and Art Department's endeavours, 
the numbers involved in this were always comparatively small. 
In general, factors which have influenced metallurgical 
instruction in England and Wales may be categorised as either 
'economic' or 'social'. as always, it is difficult to draw a 
sharp dividing line between the two categories and to put all 
influences definitely within one or other of them. however, 
as with all technological subjects, instruction in metallurgy 
was sought by individuals to improve their job :prospects, and 
it was provided by various agencies to enhance economic compe~­
itiveness. 
As far as social influence8 are concerned, they mainly had 
a discouraging effect upon me~allurgical instruction. In this 
they reflected ~he po~ular image of the occupation of metallurgy 
as involved with indus~ry which was co~only rough, noisy, and 
dirty. Because the field of 'metallurgy' was ill defined and 
(26) INSTITUTION OF CIVIL ENGINEERS, 'Education and training 
of engineers. Report of a commit~ee ... '. 
Trans.Instn.Mining Engrs., vol.30 (1905-06), 499. 
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poorly perceived by both employers and many of those within it, 
it is not surprising that the public at large should have only 
a vague conception of what it entailed. In sharp contrast wi-t;h 
the Continental metallurgy graduates of the nineteenth century 
who had well-defined social status and officers' uniforms to 
display it, British metallurgy graduates had neither status nor 
uniforms. 
Because of its close association with heavy industry the 
pursuit of metallurgy would be stigmatised by schoolmasters; 
on the one hand generations of school science teachers must 
have misrepresented it through ignorance, while on the other it 
would meet with the traditional contempt shown by grammar-school 
headmasters for any pupil rash enough to consider studying a 
technological subject at a civic university or university col-
lege. One exception around 1950, which presumably merited 
recording because the message was so uncharacteristic, was the 
chief master of King Edward's School in Birmingham who, in his 
Founder's Day speech, 'urged his boys to consider technology as 
a (possible) ul~imate goal, pointing out that it was ... in the 
national in-t;erest that some of them should enter this field.,( 27) 
Not only at school but likewise at home, any youth seeking 
to undertake metallurgical instruction might evoke parental hos-
tility stemming from the middle-class desire to keep the next 
generation away from sordid industry and instead to guide it 
into respectable white-collar jobs. A further factor which 
might guide a schoolboy of high intellectual standard into a 
'pure science' department of a university ra-t;her than into 
applied science or engineering was the natural inclination to 
continue studying in a subject which the individual already 
knows and in which he has already demonstrated his ability.( 28 ) 
(27) WRIGHT, T., 'Fifty years of progress in metallurgical 
education'. Jrnl.Birmingham 1letall.Soc. Golden 
Jubilee Issue (1954), 122. 
(28) ViRIGHT, T., loc.cit. 
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In addition to these social pressures which might be brought 
to bear by contact with other people, the individual might be 
dissuaded from starting metallurgical study by inanimate influ-
ences such as the sights and sounds of local industry, conveying 
a clear impression of undesirable gloom and dirt, or by the 
accounts printed in local-newspaper reports. In contrast with 
these factors,however, it might be expected that metallurgical 
descriptions contained in books and periodicals would be more 
likely to act as incentives than as deterrents, stimulating the 
reader to get to closer grips with the subject. In this res-
pect metallurgical indus~ry showed a marked change of attitude 
in the last few years of the period 1851 - 1950, bestirring 
itself to publish recruiting literature. This publicity was 
channelled from two sources, the joint education committee of 
the relevant national learned societies and professional inst-
itutions, and the British Iron and Steel Federation composed of 
works' proprietors. :rhe joint education committee in 1946 
published a 38-page booklet entitled 'Metallurgy a scientific 
career in industry' , which set out to inform schoolmasters and 
all others who might be interested what metallurgy was about, 
what career pro$pects it could offer, and aow a schoolleaver 
could obtain formal tuition to equip him to enter the field. 
By the nature of its interests, the British Iron and Steel 
Federation, through its training committee established after 
1945, was concerned with only a limi~ed sector of the field, 
but within this it set out to woo schoolleavers for jobs of all 
kinds, in commerce as well as in technology, by means of illus-
trated brochures. At the same time the federa~ion's training 
c omm.i ttee initiated extensive programmes for training vti thin 
the various steel-making districts, taking advan~age of the 
Government's encouragement of such activities by the newly-const-
ituted Youth Employment Service. 
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Some of those grammar-school leavers of the 1930s and 1940s 
who went on to pursue an undergraduate course in metallurgy 
were influenced to do so becuase their performance in mathemat-
ics was not good enough to enable them to study the physics or 
chemistry they would have preferred. Even one third of the 
way through the century 1851 - 1950, the Royal School of I;lines 
was criticised for its lack of mathematical facilities. While 
the situation was improved subsequently by use of the expertise 
in the neighbouring Royal College of Science with its department 
of mathematics, it could still be stated by an academic with 
experience of the school in the 1930s: 'I have often felt that 
many people 
by doing so 
at an early 
become metallurgists instead of engineers because 
they are able to drop any concern with mathematics 
stage in their career' .C 29) Yet another factor 
influencing choice was national economic climate, for in the 
years of depression in the 1920s and 1930s young men tended to 
seek 'safe' occupations such as teaching, for which a college 
course in metallurgy was likely to be of less use than one in 
many other subjects.(30) 
attempting to summarise the chief factors which influenced 
metallurgical instruction in England and Wales in the period 
1851 - 1950, first of all it can be stated that Government 
actions through the education office had a background effect 
which in the long term was highly beneficial. Such actions 
supplied general schooling as the first step towards techno-
logical instruction, and through the Science and Art Depart-
ment's classes and examinations supported nationaltuition in 
metallurgy in company with that in a score of o~her subjects. 
Throughout the whole period there is evidence of national 
(29) ROB~RTSON,J.i:;i., ou.cit., 8. 
'30 \ \ I WRIGHT, ·:r. , ou.ci~., 115. 
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concern for 'commerce and trade' and of this being the cause for 
the expenditure of public money to encourage scientific and tech-
nological instruction. Treasury grants were made from 1889 in 
increasing amounts to help a number of universities and univer-
sity colleges which came into existence as the result of local 
social and philanthropic forces. Benefits for metallurgy, 
however, came only as an incidental effect of the overall inc-
reased Government support for education: the subject received 
no specially-favoured treatment whatever. 
Military influences were important in bringing about Govern-
ment action to imp~ove the opportunities for general education 
and technolo~ical instruction. State military activities 
~ 
also provided a significant proportion of jobs for those possess-
ing formal metallurgical training, although more came from indus-
try. Springing from joint military and civilian State needs 
was the DSIR, through which there came important aid for metal-
lurgical instruction during the 1920s and subsequently. This 
acted in two ways: firstly it promoted industrial interest in 
metallurgy and developed industrial demand for the services of 
trained metallurgists; secondly the DSIR helped academic depart-
ments of metallurgy. 
The fundamental problem, at any rate for the first three 
quarters of the period 1851 - 1950, was that employment openings 
were meagre for those possessing formal metallurgical training. 
Unless as chemists, with few exceptions British industry did not 
consider such people worth hiring. Clearly this exercised a 
markedly-adverse influence: as no significant economic incent-
ive was provided by employers, little demand for instruction 
arose either from them or from those who might be employed. 
Thus, although by 1920 metallurgical tuition was offered in about 
a dozen of the civic universities and university colleges which 
had by then come into being, it lacked popularity in the eyes of 
staff, students, and local employers. 
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Formal metallurgical education in .c,;ngland and ;Hales began in 
connexion with the Great Exhibition of 1851, receiving encourage-
ment as one of the few subjects in which tuition was offered by 
the new Government School of r~lines. As Dr.John Percy, the lect-
urer on metallurgy, commented at the time\3l) 
'I know that men (presumably foreigners) who have rec-
eived a metallurgical education on the continent are now 
employed in metallurgical establishments in this country; 
and I know many instances of English students seeking 
that instruction in mining and metallurgy abroad which 
had not been provided for them at home.• 
Eleven years later metallurgy was given further stimulus as one 
of the courses sponsored by the Science.and Art Department. 
However, for a number of reasons, among them the relatively-
great difficulty in supplying instruction in the subject and the 
boycott by industrial employers, 'metallurgy' did not prosper 
to anything like the extent of the 'pure' subjects phys-
ics, chemistry, and mechanics. 
However, even if formal instruction in metallurgy did not 
flourish, the subject underwent great expansion during the cen-
tury 1851 - 1950, and this involved substantial changes in 
emphasis of the relative importance of the various sectors; 
potential employers and teachers alike tended to be confused by 
these changes. Another difficulty faced by those who tried to 
determine the components which would provide an appropriate 
course of tuition was caused by the fact that 'the majority of 
metallurgists ••. are such by the forces of circumstances and 
of habit, rather than by reason of any special aptitude for the 
profession.'(32) 
The leading American metallurgical academic, Professor John 
Chipman of the Massachusetts Institute of Technology, claimed 
in 1949 that 'metallurgy is a field of great breadth' with ~any 
(31) PERCY, John, 'On the importance of special scientific 
knowledge to the practical metallurgist ..• •. 
Records School of Mines (Geol.Surve: Great Britain), 
vol.l 1 5 13o. op.cit. 
(32) AITCHISON, Dr.L., 'The ~residential address ... on metal-
lurgical training and the society• . 
Jrnl.Birmingham Metall.Soc., vol.9 (1925), 610, 609. 
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common frontiers, and drawing heavily upon both of the two basic 
sciences physics and chemistry. Equivocally, he described 
metallurgy as •a branch of enrineering' and at the same time 
•a field of applied science•. 33) British academic thinking 
tended to be similarly unsure. rhus, the publicity booklet 
sponsored in 1946 by the joint education committee of the metal-
lurgical societies described the subject in its title as •a 
scientific career in industry' , and repeated in the text that 
'the metallurgical industries are seeking first-class scientists 
in greater numbers ••• • .(34) Yet by 1953 a lengthy report by 
the same joint committee was said to stress that metallurgical 
graduates •are educated but not trained technologists• .(35) 
It is suggested that this ambivalence engendered by the sub-
ject was metallurgy's own worst enemy to progress during the 
century before 1950. At the beginning of the period it held 
great promise, but during the succeeding decades neither acad-
emics involved with administering teaching institutions nor 
potential employers concerned with using the product were 
entirely clear what the subject entailed. In the USA there 
developed some sympathy for the notion of the 'metallurgical 
engineer• rather than the •metallurgist', but in Britain there 
persisted general hostility to this idea. In the years before 
about 1930 the opposition was based on the close association 
of the subject with chemistry in the nineteenth century, coupled 
with its failure to establish any well-defined field of its own 
which might be readily identified with 'engineering'. In the 
last two decades of the period under consideration, however, the 
active lobbying against ~he idea of metallurgy as an engineering 
discipline came from the small number of chemists and ~hysicis~s 
who had moved into influen~ial positions in the sector of the 
field concerned with metallic structure and properties and were 
anxious to cultivate it as a branc"i1 of ':pure' science. 
( 33) C.2IJ?Li.AIT, John, ''VI'ha t is metallurgy£' . 
1~etals Trar.s. (AIM£) , vol.l85 ~June 1949) , 354-. 
( 34) :2AYITE, F. Lewis, ~,i.e tall urgy a scientii'ic carser in industry. 
( .::..ondon: J oin"t C orr1.m.i t , ... ee on Me ~a.L.J.. urgical Edu.ca , ... ion, 
1946, lS48), 3. 
( l r- '; \ _/) i A.D.M., 'The 3oard of Me-;e..l..::..urg;ical 3--:udies s.nd Exaw.inat-
7Cl.4, ~1.0. 3 
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In consequence of the ill-perceived scope of the subject and 
the lack of any vital industrial value that migh~ be attributed 
to ~he possessor of knowledge of it, the person who had received 
metallurgical instruction lacked a defini~e identity. Because 
no professional body for metallurgists existed until the second 
half of the 1940s, and because there was no other strongly-influ-
ential agency to champion the cause, during the previous decades 
the subject repeatedly lost ground to the other disciplines that 
were growing up round it. ihese were branches of chemistry on 
one side and sectors of engineering on the other. Thus, while 
substantial development of metallurgical instruction took place 
in the period 1851 - 1950, by no means all the influences were 
beneficial. 
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